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PREFACE 


The course of elementary physics and chemistry commenced 
in this book is based upon a syllabus of work approved 
several years apo by the Board of Education as suitable for 
the upper standards of elementary schools The syllabus 
was divided into three parts, and the first of these is here 
dealt wth 

The course is well adapted for expenmental work by indi- 
vidual children, and, as it forms a satisfactory introduction to 
the study of saence, it is smtable for the lower forms of 
secondary schools as well as for pupils in the upper standards 
of elementary schools 

Every teacher now understands the importance of practical 
exermses m all scientific instruction, however elementary 
Unfortunately, it is not as yet always possible to provide 
accommodation and apparatus sufiicient to enable individual 
pupils to expenment. This difficulty has been borne m mind 
in designing the form of the following lessons, each of which 
IS divided into tn'o parts — the first consisting of instructions 
for the performance of simple expenments, the second of 
explanations of the pnnaples taught by the practical work 

\Vhen circumstances permit, every child should perform the 
expenments, but when this is impossible the teacher should 
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use the practical work as demonstrations before the class 
The descnptive te\t will provide suitable reading lessons in 
class, or can be studied by the pupil at home. 

Our object has been to arrange a practicable and instruc- 
tive first course of saence based upon sound educational 
pnnciples Most of the illustrations are new, and all of them 
hav'e been inserted mth the object of simplifjnng the te-vt 
For the adnce readily given us, before we deaded upon 
the plan of the lessons, by the late Mr T G Rooper, M A., 
one of His Majesty’s Inspectors of Schools, Mr J A. Humphns, 
and Mr Chas Davis, we gladly take this opportunity of record- 
ing our thanks 

R. A GREGORY 
A T SIMMONS 
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LESSON I 


THE SENSES 
PRACTICAL WORK. 

Things required — A book School bell Bunch of flowers 
Piece of sugar or salt Smelling salts, or bottle of ammonia 
solution A peeled onion, or any convenient substance ivith 
a strong smell 
What to do 

Notice the things on the table You know they are there 
because you can see them You could not see them in the 
dark. Eyes and light are necessary to see 

Shut your eyes. You can now tell the things are on the 
table by feeling or touch. 

Stand away from the table and shut your eyes You can 
now neither see nor feel the things, but you can smell some 
of them, and therefore know they are in the room 

Shut your ejes and let someone nng the belL You 
cannot see or feel the bell, and cannot smell it, but you hear 
the sound and know that it comes fiom a bell 

Taste the sugar and salt You could tell one from the 
other by this means even if both looked and felt the same 

REASONS AND RESULTS 

How Saence is Studied — Before beginning any piece of 
work It is always best to find out all the things there are which 
w e can use to help us in our task. If we neglect to do this it is 
quite possible we may find, W'hen we have half finished our 
c A 
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labour, that had we remembered something which has escaped 
ohr notice, our task would have been easier and the result more 
satisfactory 

It will be best for us, then, before we begin our study of this 
new subject, science, to make sure that we know all the waj’s of 
learning which it is possible to use This may seem at first 
very difficult , but, realiv, it is nothing of the kind, as we shall 
soon find out Every boy or girl in the class will notice that 
there are several things on the table How do you know that 
this IS so? E\er}one of you has learned the fact in the same 
ivay You say that you know there are things on the table 
because you see them, or, as some of > ou said, by seeing But 
you must go a little farther 

Seeing. — V\Tien can ) ou sec ? You are able to see when it is 
light and when your eyes are open E\en if it is light and your 
eyes are shut }ou cannot see Or, if your eyes are open and it 
IS dark you cannot see. Seeing is onlv possible when there is 
light and you have open eyes But your ejes must be in a 
health) condition Some people with open eyes cannot see, 
because their eyes arc unsound or diseased They arc called 
blind people 

Feehng-^But though blind people cannot see they could still 
tell there were things on the table Ei cn w hen ) our c) es are 
shut you can quite casil) find out the 
things you can no longer see. How do 
)ou manage it? By feeling them or 
touching them It would take you icr)' 
much longer to learn all there is to be 
learnt about one of the substances on the 
table by feeling it than it does by seeing 
iL But if jou were to practise this way of 
learning what a thing is like )ou would 
after a time become ver)' clever at it 
Blind people are clever enough to recog- 
nise their fnends by feeling all over their 
faces Though you gcnerall) feel with 
your fingers, the skin of all parts of your 
body is able to tell you w’hen an object touches iL 

Smelling — ^There are still other wn.) s of learning about things 



Fig. I — Blind people 
can find their wa\ b\ 
feehnjj 
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Fig 3 — Bloodhounds are verj 
de\er in finding people by smell 


Even when you are in your places, away from the table, and not 
looking at It, you know that there is something unusual near 
you. You say tlieie is a smell in the room Two or three things 
on the table have a strong smell or 
odour, and by means of this you 
could be quite sure of their presence. 

Smellmg is another pow’cr you have 
which you will use in your studies 
of science. WTien you w'ant to 
learn exactly what a smell is like 
you sniff the air up your noses from 
near the object which gives nse to 
the smell, and evidently it is by 
means of your noses that you are able to smelL Some animals, 
like the bloodhound, have ^his pow'er to a great degree, and 
are very clever irr finding the whereabouts of objects from 
their smell In this way they used to be employed to find 
runaway slaves 

Hearing — If the bell on the table is struck you become aw'are 
of Its presence through your ears You hear the sound to ivhich 
the bell gives nse Or, if you drop the piece of sugar, or one of 
the other objects, after raising them from the table, the noise 
which results when the object stnkes the table is quite enough 
to tell you that something is there Heanng, a power ivhich all 
people have who are not deaf, is another iray of learning facts 
Every day of your lives you make use of heanng in this ivay 
Perhaps you know it is time to get up, because you hear the 
milkman shouting in the street, or because the aJar^ clock 
goes off, or someone calls you You know a letter has amved 
because of the postman’s knock. You are sure there are birds 
in the trees because you hear them singing You \vill be able 
to think of many other ways for yourself 

Tashng — Even yet you have not found all the ways by which 
you learn facts about the objects around you. A boy, w'ho could 
neither see, nor feel, nor smell, nor hear an object, might still 
be able to tell there was such a thing This last power is very 
popular TOth boys and girls Though you may shut your ej es 
and not be able to see, smell, or hear a lump of sugar, you could 
taste the sugar 
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It IS difficijlt to imagine anyone tastmg the sugar without 
feeling it, for w'hile you taste the sugar >ou w'ould also feel it on 
)our tongue But if )ou consider a little you will think of cases 
w’here tasting is possible without feeling In some towns, near 
fictones or gasw orks, it is often rfossible to taste things m the 
air though you cannot feel them Some of you have tasted tlie 
salt in the air at the seaside If you are veiy^ careful you may 
be able to taste the something in the air which causes the smell 
ywhen the bottle of ammonia upon tlie table is opened Often 
tasting and smelling go together , many substances which ha\e 
a taste also make themselves known by their smell 

Seemg, Feeling, Hearing, Smelhng, and Tasting are called 
“Senses” — These five wajs of gaining knowledge, or of getting 
to know things, are called the senses All ordmaty persons 
possess them, and you must be sure to learn what they are 
The first depends upon the eye, feeling upon the skin, heanng 
upon the ear, smelhng upon the nose, and tasting upon the 
tongue 

FIVE SENSES 

1 Seeing depends upon the Eye. 

2 Feeling depends upon the Skin. 

3 Heanng depends upon the Ear 

4 Smelling depends upon the Nose. 

5 Tasfang depends upon the Tongpie. 

The senses are sometimes called the fiv^e gateways of know- 
ledge , and this is a v erj' good name, for ev erythmg which j'ou 
know has been learnt through one or other of these gateways 
All the facts of science are learnt in the same way, and you 
cannot understand too soon that there is no difference between 
ordinar}' knowledge and science In learning science you are 
only successful when you use your five senses very carefully, 
and this is onlv possible after they hav e been practised a great 
deal or trained sufficiently You must learn to see properly or 
accuratel)', and to use each of j'our other senses wathout making 
mistakes 

You have, perhaps, when somebody has asked you how jou 
know a certain thing, answered “Bv common sensa” You hav'e 
meant by this that you knew the thing by the use of your senses 
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When you use your senses properly, wnthout mistil^es, what you 
learn is a fact of science. Or, as a great once said, 

“ Science is organised common sense 


To BE Reme.ibered 
Ho-w Facts about Things are leamt. 

I By Seeing Eyes and light arc necessary to see 

2. By Feehng Blind people can examine things by touch 

3 By Hearing \Vhen a boy hears the school bell he knows that 
there is a bell, though he may not see it 

4 By Smelling Smelling is assisted by sniffing Bloodhounds can 
find men by following their scent 

5 By Tashng Usually accompanied by’ feeling , often by' smellmg 

These Powers are called “Senses ’ 

The parts of the body they depend upon are (i) Eyes, (2) Skin, 
( 3 ) Ear, {4) Nose, (5) Tongue. 

They arc sometimes called “gateways of knowledge.” 

There is no difference between saencc and ordinary knowledge. 
Eieryone should train his senses carefully 
Organised common sense is science. 


Exercise I 

I Name the fi\ e senses and the part of the body upon w hich each 
depends 

2. Wnte down fiie things you can see, fi\c things you can feel, fi%e 
things y ou can smell, five things you can hear, and five things y'ou can 
taste 

^3 What thing do you know of which you can feel but not see’ 

^ 4. Name some thmgs you can see but which y ou can neither hear, 
feel, smell, nor taste. 
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LESSON II 

MATTER AND HARDNESS 
PRACTICAL WORK 

Things required — Pieces of flint, rock-crystal, a tumbler, 
chalk, lead, pocket-knife, iron, copper, brass, uood, soap, uax, 
a turnip, carrot, potato, or apple 

What to do 

Notice that the things upon the table differ from one 
another, and consider in what ways they are different 
They differ in hardness, shape, size, and colour 

Select one of the things, and notice that it will scratch 
some substances but not others Test the thirigs which 
the knife mil scratch or cut and the things it will not 
cut Test in the same way the things the finger-nail 
mil scratch and those it will not scratch 
Arrange the substances in pairs as below, so that one 
IS scratched by the otlier In this way a continuous table 
in which the substances are arranged according to their 
hardness can be drawn up thus 

Flint scratches glass Copper scratches lead 

Glass „ iron Lead „ chalL 

Iron „ copper Chalk „ ivax. 

REASONS AND RESULTS 

What IS meant by Matter? — You must notice again to day 
that there are several things on the t.able You now know 
that you are sure of this fact by the help of your senses 
Some of these things are recognised b) more than one sense , 
indeed some appeal to all of them Many names are given 
to things uhicb are studied by the help of the senses Besides 
(the name things, you can use the word substances, or the 
I word which is perhaps most commonly employed, namely, 
(matter 



FLATTER AND HARDNESS 


7 


You must not confuse this meaning of the word ‘matter’ 
wnth other meanings you ha\e learnt Most children, when 
the word is used, first think of the yellow fluid w'hich pours 
out of a boil or gathering, but you must in these lessons, when 
the w'ord matter is used, say to yourselves, that is the name 
given to all those thmgs which are studied by means of the 
senses » 

There are many Kinds of Things — There are many kinds 
of things about which you know through your senses You 
w’ould have no trouble in naming a great many of them 
There are desks, books, wall-maps, slates, apples, bncks, and 
so on When you begin to think about these things, it soon 
occurs to you that they are very different from one another, 
and that it would be much easier to study them if they were 
arranged in classes, putting those together which are alike 
and separating those which differ from one another 

This IS just what the headmaster does with the children 
who come to school Because the boys who come differ from 
one another in many important ways, he cannot teach them 
altogether Some can read very nicely, while others scarcely 
know their letters Some can work out difficult sums, but 
others hardly know their tables 

For these reasons, among others, the boys are arranged in 
classes or standards So, if you wash to study all the kinds of 
things about jou, you will find it best to learn how things 
differ from one another You w^ant, in fact, to learn the* 
properties or qualities of at least the common things about 
you Then^, when it becomes necessary, you wall be able to 
imitate the headmaster and arrange things into classes in the 
manner already spoken about This plan" Ts 'called classifying 
things You must, therefore, try to learn some of the properties 
of veiy^ common things 

Thmgs differ m Hardness —If you w'ere asked to say how 
the things on the table differ from one another, you would 
probably say that they differ in size, shape, colour, hardness, 
and in other ways Now consider exactly what you mean by 
the property of hardness A stone is hard, so is a piece of 
wood, and so is a piece of iron, but they are not of the same 
hardness Some thmgs, then, are harder than others. 
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It is^often easy to decide which is the harder of two things 
For instance, you know' that a knife is harder than a piece of 
wood , for )ou can often dig >our thumb- or finger-nail into the 

wood, but 30U cannot dig )Our nail 
into a steel kni fe. Also, > ou can cut 
wood w'lth a knife, but jou cannot 
cut It W'lth a piece of india-rubber, 
because the india-rubber is softer 
than the wood. All things which 
a knife w'lll cut or scratch are softer 
than the knife, and all things which 
It will not cut or scratch are harder 
than It 

In the same waj, things like 
potatoes, some w oods, chalk, bread, 
blotting paper, and soap can be 
scratched bj the finger-nail, and 
are therefore softer than the finger- 
nail Things like iron, glass, and 
flint cannot be scratched or cut 
b> the finger-nail, and are therefore harder than it 
The Test of Hardness — You will now understand the wa) to 
find out which is the harder of two things WTiat has to be 
done IS to test which will scratch or cut the other If }0U were 
asked whether glass or flint was the harder, >ou should trj' if 
the flint will scratch the glass It does Will the glass scratch 
the flint ^ It will not \Vhich is the harder then ^ The flint, 
of course. 



Fig 3- — The things on the 
table differ in hardness as well 
as in other 


In the same way, if jou were giien a large number of difierent 
things and told to arrange them in the order of their hardness, 
you would take an} one of the substances and find which of the 
others it would scratch and which n would not scratch Then 
another w ould be taken, and the same tests made, and so a list 
like the one below would be made This is the method alwa}s 
adopted to find out if one thing is harder than another 
Diamond. 5 Iron 

^ 2 Rock-cr}'Stal. 6 Copper 

3 Glass 7 Lead. 


>4. Steel 


8 Wax. 



The hardest substance is first m the list, the next hardest is 
second, and the softest is last Any of the substances will 
scratch a substance low er in the list, and can be scratched bj* 
substances higher in the list Diamond is seen to be the 
hardest substance , it will scratch eveiy' other thing Emeiy n 
also \eiy’ hard, and is therefore used for polishing manr things 

The arrangement of things in the order of their hardness is 
similar to the arrangement of boj s in a class The top boy cat 
beat all the other bo\s of the class in school-work, and a bo^ ir 
an} position in the class can beat those below him, but can be 
beaten by those abo\ e him 

To BE Remembered 

Matter is the same as substances or things, and we learn about it b} 
means of our senses There are man} lands of thmgs, but the same 
properties are possessed in a different degree b) different things 

TMngB differ m (a) hardness, (b) shape, (r) sire, {«/) colour 

The hardness of a thing is its abilit} to resist being scratched or wort 
b} another thing 

Exercise If 

I Name sis things around lou WTiat name could }ou give them 
instead of things. 

2. What have you learnt about the meaning of ‘ matter ’ ? 

3 Wh} IS it a good plan to divide things into classes ? 

4 Name as many wa}-s m which thmgs differ from one another as 
you can 

5 What plan should }ou follow if you wished to arrange three sub- 
stances in the order of their hardness’ 

6 Which IS the hardest thing }ou know ’ What is it used for? 
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LESSON III 

SOLIDS, LIQUIDS, AND GASES 
PRACTICAL WORK. 

Things required — Some of the solids used m the last lesson 
Tea-cup, tumbler, salad-cream bottle, round mediane phial, 
piece of india-rubber tubing, and a large basin or pan of ivater 
Water, milk, quicksilver, and any other liquids available 
What to do 

Notice that the solid things upon the table are of different 
shapes, and that the shapes do not alter 
Show by pouring the same amount of iiater or other 
liquid into different vessels that the shape of the water 
depends upon the shape of the vessel 
Collect a bottle of ordinary gas, and use it to show that a 
gas has no surface and spreads itself through as much 
space as it can The foUoiving is a way to do this — 

Fill a bottle with water, and invert it in a basin of uater, 
then displace the liquid inth gas led from a ^ by a piece 





Fig 4 — Gas is issoing from the tube and bubbling up through 
the water in the bottle. 

of india-rubber tubing (Fig 4) Non insert a cork into 
the neck of the bottle while it is still under water, or cover 
the mouth with a glass plate, and lift the bottle out of the 
water and place it on the table. The gas has the size and 
shape of the bottle. 

Open the bottle and nave it about, you immediately notice 
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the smell of gas throughout the room, and know from this 
that the gas is everywhere m the room, and therefore has 
the size and shape of the room 

REASONS AND RESULTS 

Sohds — Most of the thmgs you see around you have a certain 
size and shape of their own. The table in front of you and the 
desk you sit on have the same shape now as when they n ere first 
brought into the school, if no one has done anything to them 
In the same way, a stone, a bnck, a piece of india-rubber, or a 
tumbler keep their onm shape unless someone breaks them 
Thmgs of this kind, which have a size and shape of their own, 
and remain of the same size and shape so long as they are not 
interfered vuth, are called sohds Some sohds, ^as jou ha\e 
seen, are harder than others, and some can have their shape 
altered more easily than others But none of them change by 
themselves You know this very nell in your onm mind, though 
you may not have thought much about iL If you place a 
tumbler upon a table, and leave it for a while, you expect to find 
It there when you come back, and not changed into a bottle, 
because you know the shapes of sohds do not alter unless some- 
one alters them 

Liquids — If you put a stone into a tea-cup, then into a 
tumbler, and then into a basin, you know that the size and 



flG. 5 — shape of the liquid in these vessels is different, but 
the amount of bquid is the same, and the surface is horizontal in each 

shape of the stone remain the same in all the \ essels This is 
also true of any solid But if a certain amount of water, sav a 
i\ me-glassful, is taken and poured into a tumbler, you knon that 
the water mil not keep the same shape that it had at first The 
wnter could be poured successively into vessels of different sizes 
and shapes, and finally into the mne-glass again , but though 
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the shape would keep on altering, being in cicrj ease the shape 
of the containing \esscl, the size would nutatn unalhrcd 
Tilings which behaic in this \\71y arc called liquids You can 
think of man> liquids in use da> by day For mstan^ \ 1 neg ar, 
fOil, milk, beer, and lemonade arc all liquids ^ 

^ There arc other proj^rties of liquids with which >ou are 
familiar In the first place, the surface of a liquid at rest is 
always Iionrontal You maj shake the liquid up into a heap b> 
^jerking the ^csscl containing it, but as soon as >ou leaic it 
,,aloni? It settles down again until its surface is honzontal The 
fact that liquids can be poured from one \ cssel to another shows 
another property, namely, that liquids flow A liquid can also 
be broken up into small round drops, such is the drops of w atcr 
which form nun 

Gases. — WTien a gas is spoken of, you think of the gas used 
to light rooms and streets There are, howeicr, many other 
gases, and you will jicrhaps learn about them some day Some 
gases smell and some do not , some arc poisonous and some 
arc harmless , some, like coal gas, will bum, and some will not 
But all gases arc alike m one respect , they spread out and fill 
completely the vessel which holds them A bottle of gas cannot 
be kept unless it is tightly corked, for after a while the gas 
escapes into the surrounding air 

Corapanson of the Size and Shape of Solids, Liquids, and 
Gases — Solids, liquids, and gases are not alike as regards size 
and shape Solids ha\c a size and shape of their own, which 
differ for each solid, but remain the same for one particular 
solid 

Liquids hav e a size of their owai, but alw ay s take the shape of 
the vessel in which they’ are contained 

Gases haic no definite size or shape, both these properties 
depend upon the space in which the gases arc confined How- 
e\ cr small a quantity of gas may be, it always spreads out until 
something prevents it from taking up more space. 

To m Remembered 

tlolidB are things which keep their own size and shape. 

Liquids are things which take the shape of the i cssel containing them, 
and haie a honzontal sarface when at rest 
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Gases are things which completely fill any space into which they may 
be put 

Exercise III 

1 What do you know about the size and shape of solid things ? 

2 What evpenment would you do to show that while the size ot a 
liquid remains the same its shape can keep on altenng ? 

3 What do you know about the size and shape of gases ? Descnbe 
an experiment which shows what you say is true 

4 State in your own words what a solid is, what a liquid is, and 
Ahat a gas is 

5 How do solids and liquids differ fi-om one another ? 

6 In nhat important respects do liquids and gases difier? 


LESSON IV 

PROPERTIES OF SOME COMMON THINGS 
PRACTICAL WORK. 

Things required — Piece of glass, transparent liquids, sealing- 
wax, roll-sulphur, slate, lead, feathers, cork, sponge, sheet-lead, 
india-rubber, cane, air-ball, or pop-gun 
What to do 

Examine each of the things thoroughly, and consider 
what you would want to know about it in order to descnbe 
It to a person who had never seen it. 

Notice, for instance, that glass can be seen through 
(transparent), and breaks easily (bnttle) 

Lead, and most other things, cannot be seen through 
(opaque) Lift the lead It is heavier than pieces of the 
otlier substances of the same size (dense) Beat it into a 
thin sheet (malleable) Bend or twist it and it remains m 
the shape it is made (pliable) 

Stretch, bend, compress, or twist the india-rubber, and 
then release it It goes back to the ongmal shape (elastic) 
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Compress an -iir-ball or a pneumatic Ijrc Release it It 
also spnrigs back to the original shape , hence air is elastic 
Bend cane or whalebone (flexible) 

REASONS AND RESULTS 

Common Things — Glass — You must now take a few common 
things, and examine them to learn some of the properties things 
may possess We will begin with Glass WTiat do )ou know 
about this substance? You can see through it, you saj Yes, 
ind what do we call substances which can be seen through? 
Transparent , that is right All things jou can see through arc 
called transparent Glass, then, is transparent Some other 
* things which arc transparent are rock crystal, air, water, and 
many other liquids 

Now, if the plate of glass is dropped, what happens^ It 
breaks into pieces Wliat is a thing which breaks into frag- 
{ ments in this wa> called? Bnttle Some other brittle things arc 
I cast-iron, sticks of sealing-wax, roll-sulphur, slate In being 
brittle all these things arc like glass In what waj do thev all 
differ from glass’ You cannot sec through them, or, as is 
usuallj said, they arc opaque Opaque things, then, arc those 
you cannot see through 

Lead — Now examine lead WTiat do you know about this 
substance? You say it is very hcav) But it is not enough to saj 
that, for if ^ou take a sufficient quantity of feathers thc> wall 
weigh as much as the piece of lead There is, of course, no 
difference between the weight of a pound of lead and a pound of 
feathers What you meant to sa> was that a small piece of lead 
was very heav') Because of this we speak of lead as being very' 
j compact or dense Some other dense things are copper, gold, 
I slate, etc If a verj large thing has but a small weight, it is not 
^ dense Such things as cork, sponge, camphor, arc not dense 

What else do jou know nbout lead ’ You learnt m your last 
lesson that it is not very hard It can be hammered out into 
sheets Sheet lend is used for lining tea chests and other boxes 
^ Solids which can be beaten out into sheets are called malleable 
I Copper, gold, platinum are all of them malleable, but gold has 
1 more malleabihtyTKan any other solid 
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Can you learn anything more from your piece of Jead^ Yes, it 
can be bent and does not spnng back , its shape after bending 
or twisting remains just as you left it All things which remain 
just as they are left after bending or twisting are called phable 
Copper, paper, and sheet-tin are also phable 
India-rubber — Ever>’body knows the chief property of india- 
rubber, for the name of this property is actually given tc 
india-rubber, which is made into long threads These are called 
elastic What is it about india-rubber nhich makes you say it i£ 
elastic ? Though you pull it, squeeze it, or bend it, it returns tc 
Its onginal shape and size when you leave it alone It is 
property of going back to its first shape and size after bein^ 
forced out of it that is called elasbcity ') 



Fic 6. — ^The india rubber is stretched, but it poes back to its 
onguial length when it can, and is therefore said to he an elastic sub- 
stance 

What Other elastic things do you know ? If ^ ou squeeze an 
^air-ball or push upon a pneumatic t^e, when you remove your 
< fingers they spnng back to the shape they had at first These ^ 
expenments tell you that air is very elastic Cane, steel, and 
whalebone all spnng back vhen forced out of shape, that is, they 
also are elastic. But some things, such as a stnp of whalebone 
and a cane, are only elastic to a great degree in one direction 
Elastic things of this kind are generally called flexible 
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To BE Rbmembered 

Glass can be seen through, or is transparent , is easily broken, or is 
brittle Opaque things cannot be seen through 

Lead IS heavy in comparison with the same bulk of many other sub 
stances, or is dense , is malleable, or can be beaten into thin sheets , is 
pliable, or can be bent or twisted into different shapes 

India-rubber is elastic, or returns to its original shape after the shape 
has been changed Flexible things also return to their original shape 
after being bent. 


Exercise IV 

I What do you mean bv a transparent substance and what by an 
opaque thing? Name slx transparent things and siv opaque things? 

3 Write down all you have learnt about lead 

3 Explain as carefully as you can what you understand by a dense 
substance Name se\ eral dense substances 

4 YTiat things are said to be malleable? Wnte down the names of 
as many such things as you can 

5 Why are india rubber, air, whalebone, etc., said to be elastic? 
How would you show that air is clastic? 


LESSON V 

PROPERTIES OF SOME COMMON THINGS— 
Continued 

PRACTICAL WORK. 

'niing;s required — Sponge, clean white blotting-paper, glass- 
funnel, a cane. Crystals of rock salt and sugar candy, pow dered 
salt and sugar Several crystalline substances, such as washing- 
soda, borax, and rock-crystak Some flour and soot Matches, 
magnesium nbbon, and a taper Some clay 
What to do 

Notice the holes or pores m sponge (porous) Place a 
sponge in a saucer of water, and notice that the water dis- 
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appears , it goes into the pores in the sponge, and can be 
squeezed out again Filter water through blotting-paper, 
folded to form a cone, and placed in a funnel Show that 
clay wall hold w ater (impervious) 

Observe the regular shape of particles of salt and sugar 
(crystalline) Particles of flour or soot have no regular 
shape (amorphous) 

Add salt or sugar to water, and notice that it disappears 
(dissolves, or is soluble) 

Show that sand, slate-penal, and many other substances 
are insoluble 

Bum a match, paper, magnesium nbbon, etc (combus- 
tible) Find some things which ivijl not bum (incombus- 
tible) ^ 

REASONS AND RESULTS 

Sponge — By squeezing a sponge you at once find out that it 
is elastic But the first fact you notice about the sponge is that 



it has lots of holes in it What other thing which is upon the 
table has holes in it ? The canc But the holes in the cane are 
smaller than those in the sponge What name do you give to the 
little holes spread over your skin ? Pores A thing -which is full 
of holes or pores is called porous The sponge, therefore, is 
V ery porous But for a thing to be porous it is not necessary 
to be able to see the holes 

If you take a piece of blotting-paper, and fold it as shown in 
Fig 8, put It into a glass funnel, and pour some -water on it, the 
w ater finds its w ay through the paper because, though you cannot 
see them, there are holes m the paper, or it, too, is porous 

B 
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Even iron is porous to a small extent, and water is sometimes 
filtered through a certain kind of iron Pumice, charcoal, sand- 



Fig 8 — If a circular piece of paper is folded as shoan by the dotted 
lines^ It can be made into a cone vinich raaj be placed in a funnel for 
filtering 


stone are also porous In the land of filter shoum in Fig 9 the 
^vater soaks through a block of carbon, and is thus purified. 

Things which wall not allow ^vater to pass 
or filter through them are called impervious 
j Clay IS an impervious thing , so is glass 
)and india-rubber 

Salt and Sugar — Salt and sugar are 
crystalline substances, that is, each small 
piece has a certain regular shape, vhich 
for a particular substance is aluays the 
same Solids which take a regular shape 
like this are called crystals You naU learn 
more about these in a later lesson Other 
Fig a Filter in , common things V hich occur in crystals are 

which the water passes 1 , , , , , , 

through a bloct of car washmg-soda, borax, diamonds and some 

of tbrSricm ! other preaous stones, rock crystal, and 

^many other substances 

Things which are not crystalline are called amorphous, a 
word which is made up of two Greek words meaning ‘without 
^*shape.’ Flour, soot, etc , are examples of amorphous things 
Now, if } ou put the salt or sugar into a glass or bottle of w ater, 
and shake or stir the xvatcr, you wall notice that the salt or sugar 
disappears, and if you taste the water you easily recognise the 
presence of the salt or sugar You may say the salt or sugar has 




PROPERTIES OF SOME COMMON THINGS 


19 


dissolved or is soluble Do you know any other soluble things? 
Try some. You ivill find you can dissolve washing-soda, nitre,| 
and bora\ in water, and in tins way you prove they are soluble ‘ 

Substances which will not dissolve in water are said to be 
msoluble Many things are insoluble in water , for instance, | 
sand, gravel, slate-pencil, coal, chalk Houever long you leave 
these m water they will not dissolve 

Things which bum — Many things easily bum in the air when 
made hot enough. If you hold a match in a gas-flame you can 
easily show that it continues to bum after taking it out 
Similarly, you can make a piece of magnesium nbbon bum 
Tapers and pieces of paper also bum quite easily Things 
which bum in this way are said to be combustible What are 
the common combustible things used? Coal, coke, coal-gas,'i 
^ tallow, wood Those substances ivhich vail not'^bum are called* 
incombustible. Slate, iron, bncks, glass, etc , iviU not bum, and ' 
are therefore called incombustible things 

To BE Remembered 

Sponge IS porous, or contams numerous small holes or pores All 
things are more or less porous Things through which water will not 
pass are impervlona 

Salt and Sugar are crystalline, or are made up of httle crystals, each 
havmg a certain regular shape , they are soluble, or disappear when put 
m water Particles of soot and flour have no regular shape, or are 
amorphous 

Things whloh hum are combustible, and things which will not bum 
arc Incombustible 


Exercise V 

1 Many substances allow water to pass through them verj readily 
Why is this ? What expenment would you perform to show this m the 
case of blotting paper ? 

2 Wnte down all you know about sugar 

3 mat things arc said to be soluble? Name siv soluble things. 
What is the opposite to soluble ? 

4 YTiat is the difference between combustible and incombustible 
things? Name five things of each kind 
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LESSON VI 

MEASUREMENT OF LENGTH 
PRACTICAL WORK 

Thingfs required — Fool-rule dmrlcrt into inches on one edge, 
and into decimetres, centinictrcs, and millimetres on the other 
Tape measure (or long nile) dmded into inches and centi- 
metres 

What to do 

Notice the dmsions upon the rule. Measure a few 
lengths, such as the width of a sheet of paper, or of a 
table, in feet and inches Consider how confusing it would 
be if inches and oUicr standards of length had not a con- 
stant size 

Notice the fractions of an inch, and find bj measurement 
the number of inches m tj feet, ai feet, 33 Icct, i j'ard, 
2 feet 9 inches, and any other lengths which may occur 
to >ou 

Esaminc the metnc dmsions upon the rule. The 
smallest are millimetres, ten millimetres make 1 centimetre, 
ten centimetres make i decimetre, ten decimetres make 
I metre. N oticc that all these go in steps of ten 

Find the number of inches which are equal to the length 
of I metre, the number of millimetres equal to an inch, and 
the number of centimetres equal to an inch 

Measure a distance m inches and centimetres, and from 
the results determine the relation behveen the two 

REASONS AND RESULTS 

Measurement of Leng^th. — Whene\er >ou measure a length, 
w'hat you do is to compare it w ith another length which is called 
the standard or unit Every boy knows, from his lessons in 
anthmetic, that British people, when they speak of a length, 
express it as yards, feet, inches, or one of the other measures 
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which have been leamt m Long Measure or Measures of 
Length 

Most thoughtful boys have said to themselves at one time or 
another — What are these yards, feet, and so on? How does 
the maker of a rule know how long a yard has to be? And 
how IS it that if you buy a yard measure m London, Manchester, 
or any other tovn, it is always the same length? These are 
all very unportant questions, and you must try to answer them 

What a Yard is — In the strong room of the Board of Trade | 
m London there is a fire-proof iron chest which contains a bar | 
of bronze. Into this bar, near each end, are sunk two golden , 
studs, and across each stud fine lines are drawn The distance > 
between these marks (when the bar is at a certain temperature, j 
called s ^tv-two degrees Fahrenheit, which you will understand 
before you g^ to the end oTyour book) is what is called the 
Impenal Standard Yard Several exact copies of this bar have 
been inad^nd are securely kept m different places There is 
consequently very little danger of all the bars being burnt or 
lost at the same time All yard measures should be the same 
length as the distance between these marks The yard is 
divnded into three equal parts, and each of these is called a 
foot A foot is divided into twelve equal parts, and edch part 
is called an mch 


The Metre. — Lengths are not measured m yards, feet, and 
inches in all countnes In France, and most other countnes,! 
the standard length is what is called a metre. In Sfevres, a] 
bar of a similar kind to that kept by our Board of Trade isl 
carefully preserved The distance between the two marks m j 
the golden studs is the standard known as the metre. The| 
metre is longer than the yard You know there are thirt>'-six 
inches m the yard, but the metre measures about thirty-nme 
and one third inches, or three feet, three and one-third inches 
(3 feet inches) This number is easily remembered because' 
It only contains the figure 3 

Divisions of the Metre. — The metre is not dmded m the 
same way as the yard A much better plan is adopted First 
the metre is divided into ten equal parts, each of which is 
called a decimetre, so that you may write 

10 decimetres make one metre. 
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The distance from one end to the other of Fig lo is a 
decimetre 

Next, each of these decimetres is dnadcd into ten equal parts, 
each of which is a cenhraetre, and it takes one hundred of them 
to make a metre, consequently you may say 


<r > — g 




w — 3 





lo centimetres make i decmictrc. 
too centimetres „ i metre. 

The distance from one number to the nu\t m Fig lo 
IS a centimetre. 

Then, eacli centimetre is dnided into ten equal 
parts, and each of these is called a miUimetrc, and it 
takes one thousand of them to make a metre Tlie 
smallest divisions in Fig lo are millimetres 

Thus, )ou see that jou niaj wntc a table for the 
subdivisions of the metre which jou wall have no 
trouble in rcmtmbcnng 

lo millimetres make i centimetre, 
to centimetres „ i decimetre 

to decimetres „ i metre. 

For lengths greater Uian a metre the same simple 
plan is used A length which contains exactly ten 
metres is called a dekanietre , one which just con- 
tains a hundred metres is called a hektometre , and 
one which is exactly a thousand limes as long as a 
metre is called a kilometre These can be put to 
getlier in another little table 

^ lo metres make i dekametre 
lo dekametres „ i hcktonictrc 

to hcktonicires „ i kilometre 


Comparison of British and Metnc Measures — On 
the Continent the metric system of measurement 
IS used almost entirely The sign posts on the 
1 roads do not show how' many miles it is to the next village 
jor town, but the number of kilometres Linen and silks and 
such matenals are not sold by the yard, but by the metre, 
and shorter lengths are measured m centimetres You will 
find It useful to remember that about 2^ or 2 5 centimetres 
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are equal to i inch, 30 5 centimetres are equal to i foot, and 
eight kilometres are about five miles 

Inches. 



hlilUmetres. Centimetres. 

Fig II — An inch is very shghtly longer tha n aj centimetres. 


To BE Remembered 


A Standard Length, is required before lengths can be measured 
The table of Long Measure shows how British standards of length are 
related to one another 

The Standard Yard is the distance between two lines upon a bronze 
bar kept by the Board of Trade One third (3) of a yard is i foot, and 
one twelfth (^k) of a foot is i inch 

The Metre is the French or metric standard of length It is dinded 
mto tenths or dta»ifir(s, hundredths or cenhmeires, and thousandths or 


intllimelres The length of a metre is roughly 3 feet 3j inches 


Exercise 

1 What IS meant by the Impenal Standard Yard ? Name the parts 
into which it is divided 

2 \Vhat IS a metre ? Compare its length with that of a }'ard 

3 Eiqilam how the metre is divided and write down the names 
which are giien to these parts 

4 \Vbat are some of the adiantages of dividing the standard of 
length according to the metnc system ? 

5 How many milhmetres are there m each of the following — 
centimetre, deametre, and metre? 

6 How many dekametres are there in a kilometre? And how manj' 
metres m the same length ? 
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LESSON VII 

MEASUREMENT OF AREA. 

PRACTICAL WORK 

Things required. — Square foot cut out of cardboard, and 
having square inches marked upon iL Square inch cut out of 
cardboard Square decimetre of cardboard, ha\ang square 
centimetres marked upon it Square centimetre of cardboard 

What to do 

Compare the square inch wth the square foot Count 
the number of square inches in one row marked upon the 
square foot, there are 12 Count the number of rows, 
there are 12 The total number of square inches is there- 
fore 12 X 12 = 144. 

Compare the square centimetre wath the square decimetre 
in the same way, and find the number of square centimetres 
there are in a square decimetre. 

Notice the difference of size of the square inch and the 
square centimetre. 

Find, by measurement, the number of square inches in any 
rectangular surface (such as a drawing board), and also the 
number of square centimetres Tins is done bymultiplymg 
the length of one side by the length of the side at nght 
angles to it 

By companng the two results, determine roughly the 
number of square centimetres m a square inch 

REASONS AND RESULTS 

Measurement of Area. — Most of the boys who read this book 
wall probably already know the difference betw'een lengths and 
areas. But to make quite certain we wall take a few simple 
examples 

Proiaded wath a rule, it w'ould be easy to measure the length 
of the room and its breadth or wadth If we had a ladder 
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we could, m the same way, measure its height Now, if we 
were going to have a carpet put down, we should give the 
'Upholsterer the order, and he would pay us a visit to measure?; 
the floor‘d You know verj' well it would not be enough for 
him to measure the length of the room only, or its width 
only, because both of these are measures of length To know 
how much carpet he wants the w'orkman must find out the 
amount of surface the floor has, or what is called its area To 
do this he measures both the length and width of the floor, and 
when he multiplies them together he gets the area, if the room 
IS a square or oblong one. If he measures the length and w’ldth 
m feet, then by multiplymg them together he gets the area of 
the floor in square feet , if the measurement of the length and 
wndth w ere taken in inches, the area in square inches would be 
obtained by multipljnng them together 

YTienever areas are measured m this country, square inches, 
square feet, square miles, or some other unit from square 


EE 


Fig 12. — ^This sho\\'S how a square can be di\nded into sauare 
inches. Each small square represents n square inch, and the large 
squares bounded b> thick lines represent square feet 


measure is employed ‘Square measure’ is obtained from ‘long 
measure’ by multiplying Thus, as there are 12 inches in a 
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foot, there are 12x12 square inches in a square foot You 
will understand this by examining Fig 12 Each of the large 
squares bounded by thick lines represents a square foot, but it 
is of course smaller than a real square foot 

Square Measure. — By rcfemng to Fig 12, which illustrates 
how a square yard may be dnaded into square feet and square 
inches, and examining the squares of cardboard divided into 
square inches or square centimetres, it is easj' to see how square 
measure is obtained from long measure We will imte what we 
have learnt in the form of a table 

144 ( = I2X 12) square inches make i square foot 
9 (= 3) .. feet , i „ yard 

30j( = S|x5i) .) yards „ i „ pole 
How many square inches are there m a square jaird? You can 
find out by counting the squares in Fig 12, or by counting the 
squares in one of the areas representing a foot and multiplying 
the number by nine 

Square Metnc Measures — If instead of measunng the length 
and breadth of the floor in feet the workman had measured 
them in metres or decimetres, what would the area obtained by 
multiplying be measured m ? Not m square feet, but m what is 
called square metres, square deametres, etc Square measure 
in the metnc sjstem is obtained from long measure in just the 
same way as we used in the case of inches All we mean by 
the metnc system is the plan of using metres, etc , instead of 
3'ards, eta, in measurements of all kinds We can now' waate 
down the measures of area or surface in the metnc system 

' 100 {= rox 10) square millimetres make i square centimetre 

100 ( = 10x10) „ centimetres „ 1 „ decimetra 

100 (=10x10) „ decimetres „ i „ metra 

A square decimetre is too large to be show'n on this page 
Fig 13 shows two complete rows of square centimetres, but 
there are ten row's of this land m a square decimetre The 
square centimetre A GFE in the top left-hand comer is divided 
into square millimetres. As i square centimetre contains 100 
square millimetres, i square decimetre or 100 square centi- 
metres contains 100 x 100 square millimetres, that is 10,000 
square millimetres 
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The size of a square centimetre is compared vatii the size of a 
square inch m Fig 14. Vou vnM see that a square mch is much 
larger than, a square centimetre Each fi, £ B 
side of the square inch is 254 centi- 
metres m length, so the number of 

square centimetres m a square inch q li l lil l Jl: 

IS 2 54 X 2 54=6 45 or nearly 6^ square F 

centimetres 


To BE Remembered 
Area is found by measuring length m tn o 
directions A foot square is a square which 
has each side one foot in length Square 
Measure is derived from Long Measure , it 
tells the standards which must be used in 
measunng areas. 

Square Inches and Square Centimetres 
— As 2 54 cm =i inch, the number of 
square centimetres in i square mch is 
2 54X 2 54=6 45, or lery nearly 6 h square 
centimetres. 

Exercise VII 


I What measurements of a wall must we 
know before we can tell how much pajier 
wiU be required to cover it ? 




Fig h — A sqaire inch contains 645 
square centimetres. 


D C 

Fir 13. — Square centunetrcs> 
and square miUimetrcs. Ten row's 
of ten square centimetres make 
one square decimetre. 


2 How many square inches are there in a square foot, and how many 
in a square yard ? 

3 How man} square centimetres in a square metre, and how many in 
a square deametre ? 

4. How many square milhraetres in a square deametre ? How many 
square millimetres m a square metre? 
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LESSON VIII 
MEASUREMENT OF VOLUME 
PRACTICAL WORK. 

Things required. — A bo\ one cubic foot in size, and ha%ung a 
lid one inch thick. The bo\ should be a cubic foot unth the hd 
closed The top of the lid should be divided into square inches, 
and lines round the edge should mark off cubic inches (Fig j 5) 
Lines should be drawm round the bo\ at e\ery inch from the 
bottom edges Cubic inch of \i ood Cubic centimetre of wood 
Slab of M ood 10 x 10 x i cm Rod of n ood i x i x 10 cm A bo\ 
measunng inside exactly i decimetre high, i deametre wade, 
and I decimetre long, that is, i cubic decimetre internal volume 
(Fig 16) Litre and half-btre measures , also pint and half-pint 
What to do 

Notice that the area of each face of the cubic foot is one 
square foot Count die number of square inches marked on 
the top of the lid Notice that the cubic inch has the same 
thickness as the lid, and that 144 cubic inches could be cut 
out of the lid Shut the lid ajid StancTthe box upside doiin 
on the table. You know how many cubic inches there are 
in the slab which forms the lid. How mapy slabs of the 
same thickness are marked upon the box, and how many 
cubic inches are there altogether in a foot cube ? 

How many cubic centimetres are there m the rod of w’ood? 
How many such rods w ould be required to make a slab of 
wood the same size as that supplied’ How many cubic 
centimetres, therefore, does the slab contain? How many 
slabs w ould be required to fill the box ? How many cubic 
centimetres would go into the box ’ 

Compare the cubic centimetre inth the cubic inch and 
the cubic decimetre with the cubic foot Knowing that 
2 54 cm = I inch, calculate the number of cubic centimetres 
in one cubic inch. 
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Notice the difference between one litre (the capaciU'' of 
one cubic decimetre) and one pint, and determine roughly 
the number of pints m one litre. 

REASONS AND RESULTS 

Measurement of Volume. — If we examine Fig 15, which repre- 
sents a cubic foot, and bear in mind vhat we ha\e ahreadj 



Fig. 15.— Kach litilc cube at the top maybe ima^^ined to be i cubic 
inch. There are 144 of them.. Tw'clve such layeis of cubic inches make 
I cubic foot. 


learnt, we shall easih imderstand that each edge of the sohd 
there represented is measured as a length. Each of its faces has 
an area, which can be obtained bj multipljnng together the 
lengths of two of the edges which meet at a comer But the 
size of the solid, or the amount of room it takes up, or the space 1 
It occupies, is quite a different thing This new measurement! 
IS what is called its volume. 

The xolume of a sohd bod> is obtained by measuring in 
three directions Just as to find the area of a surfece w'e 
measure its length and breadth, so to measure the i olume of 
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a -iolKl wc m«si find tn \ddition to moaMirrmcnls of lenph 
and brcndlli, anoilitr distance tailed the thickness If vc 
I niuhipls Itnjjth, breadth, and thitl ntss tOijithtr nc oblnn a 
[ \ olimvc or ( ubir d cont t nt 

Kctiiniin^' to onr ruble fool for i moment, kt us find how 
inanj cubic tnchts it contains Wt 1 now alrt.uh thii nn> one 
of Its facts covers i.ji squirt inrlits of surf icc In the rube wc 
can think of a h>cr of 14 ( cubic tnchc'^, or little cubes cadv talgc 
of which IS an inch, and each f ice of wliicli is .a squire inch 
How tinn> siicli lasers ire there m tho whole cubic fool^ 
Hvidcntlj there ire twelve taxers, 

Conscciuentl}, in the whole culic wc have tJ4Xl2'-I72S 
little culics whose eak'cs ate one inch lonj and whose facts 
are cadi one square inch in area Or one cubic foot contains 
J728 cubic Indies 

Wc could reason in the same wuj to find out how many 
cubic feet arc rccjuircd to build up 1 cubic x-ard Wc rou) waalc 
down, therefore, 

172S (-J 12 X 12X 12) cubic inches mal c t cubic foot 
27 (-= 3y 3x 3) feet „ I „ >.ird 

Metric Measures of Volume. — ^^c proccctl in a similar vva) 
when xxc xvish to measure xolumts b) the inttnc s>sicin Ten 



cubic centimetres in a row would mal c a rod as at B in Fig- 16 
Ten such rods would make a slab as at C, which would 
therefore contain loxjo cubic centimetres, that is, 100 cubic 
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centimetres Ten such slabs would go into a box such as is 
shoMTi at Z? , so the number of cubic centimetres in a box this 
size would be 100x10 cubic centimetres, that is 1000 cubic 
centimetres 

The box measures 10 centimetres each way, and its volume 
Is a cubic deametre. You know there are 10 centimetres 
in a decimetre, so you may say the edge of the deametre 
box IS 10 centimetres m length , the area of one of its faces 
IS 10 X 10=100 square centimetres , its volume is lox lox 10= 
100 X 10= 1000 cubic centimetres , 

The Litre — If a hollow cube is made i deametre longj-f 
1 decimetre broad, and i deametre deep, it will hold 1000 \ 



Litre. Pct 


Fig 17 — \ litre bottle will hold pints These two bottles lool^ 
nearl} the same sire, bat the glass of the htic bottle is much thinner 
than that of the pint bottle. 

cubic centimetres of liquid. This capacity is called a htre. All) 
liquids are measured in litres in countnes vhere the metnc^ 
system is adopted. Thus m France, vnne, milk, and such 
liquids are sold by litres instead of b> pints A htre is equal . 
to about one and three-quarters English pints A litre bottle { 
and a pint bottle are shown side by side m Fig 17. 
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We may now wnte some of the measures of volume in the 
metnc system 


lo centilitres 
lo decilitres 
10 litres 
lo dekalitres 
10 hektolitres 


make i 
,, I 
» I 
» I 


decilitre. 

litre (looo cubic centimetres) 

dekalitre 

hektohtre. 

kilolitre or i cubic metre. 


Cubic Centimetres and Cubic Inches — It has already been 
found that one inch is 2 54 centimetres long The area of one 



l^iG. 18 — It lakes i6i cubic centimetres to make i cubic inch 

square mch, that is of a surface i inch long and’ 1 inch broad, 
IS therefore 2 54 x 2 54 or 6 45 square centimetref The volume 
of a cubic inch, if the measurements are made in cenbmetres, 
IS 2 54x2 54x2 54 cubic centimetres, that is 1638 cubic centi- 
metres It would thus take 16 38 cubic centimetres, or roughly 
16-'') cubic centimetres, to make one cubic inch Sixty-one cubic 
inches are about equal to the volume of one decimetre 


To Bb Remembered 

Volume IS cubical content Length, breadth, and thickness have to 
be measured in determining volume Cubic Measure is denved from 
Long Measure. 

A Litre is a volume or capaaty of i cubic decimetre, that is, 1000 
cubic centimetres , 1 htTe=if pints. 

As 2 54 cenbmetres = I inch, the number of cubic centimetres in 
I cubic inch is 2 54 x 2 54 x 2 54 = 16 38 
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E\ercise VIII 

1 If you were told the number of inches in a foot, how would you 
calculate the number of cubic inches in a cubic foot ? 

2 VTiat IS meant by a litre ? What would be the length of the side 
of a cube which contained looo litres ? 

3 Wnte dowm the names given to the parts of a litre 

4, Which would hold more water, a hire jug or a pint bottle ? 


LESSON IX 


MASS AND WEIGHT 


PRACTICAL WORIC 


Equal masses of lead and 


One feels heavier than the 


Things required — The two pieces of iron or brass which m 
ordinary language are called a “pound” and a “half-pound” 
weights , or a “ pound ” and a “ two-pound ” inll do Also set 
of ounce “ weights ” Pair of scales Spring balance. A yard 
of thin iron ivire Strong magnet 
cotton wool 
What to do 

Lift the two pieces of metal 
other, that is, the masses 
are different 

Place a certain amount 
of lead m one pan of a 
balance, and counter- 
poise it ivith cotton-wool 
m the other pan The 
masses are equal but the 
volumes are different 
(Fig 19) 

Drop one of the pieces 
of metal , it falls to the 
ground on account of 

the earth’s pull upon it. If the attractive force 

c 



were 
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doubled when you held the piece of metal, what difference 
would you feel? If the attraction suddenly ceased, -what 
would happen when you released your hold of the piece 
of metal? 

Wind a piece of iron wre round a smooth walking stick ’ 
or a round ruler, and so make a coiL Hang one end of 
the coil on a support, and to the other attach the iron 
pound Observe that the spnng is made longer by the 
downward pull of the iron (Fig 20) 



Fig. 2a — The coiled 
spnng IS pulled out bj 
the moss hung from lU 


Examine the parts of 
a spnng balance (Fig 
21) Attach one ounce 
to the balance and 
show that the marker 
IS pulled down to the 
division I The pull of 
the spnng upwards and 
of the ounce downwards 
are equal 

If possible, using a 
delicate spring balance, 
such as is used for 
weighing letters, show 
that the downward pull 
of a mass of iron can 
be increased by holding 



Tic si — To 
show the spnng 
inside a spnng 
balance. 


a strong magnet beneath it (Fig 22) 


REASONS AND RESULTS 

What Mass is — Before we attempt to learn how mass is 
measured w'e must know what is meant by this w ord When 
we say that the mass of one piece of metal is twice as great as 
the other, we mean that one of them contains twuce as much 
iron, brass, or othe- matenal as the other And ahvays when 
we speak of the mass of a bodj" we mean the amount of stuff 
or matter, of whatever kind, it contains Though the masses 
of two lumps of matenal may be equal, as can be shoivn by 
making one balance tlie other in a pair of scales, their v olumes 
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T-,?j be very nceGoaL This is very veil seen bj compariEg^ 
eocal masses of lead and cotton-vool 

The mass of a thmg is not the same as its meight tfcoogfc 


one is oTen confesed v-'th the other, 
IS meant by mass vre can, tr* domg 
one or tmo erpenments. mad oat 
exactly viiat shoaid be meant ■when 
the word werght is csed, 

is not Weight. — If the mass 
of a poand is dropped from the hand 
m feiTs to the ground If the same' 
mass IS hung upon the end of a co3' 
of iron wire, the cc3 is made longer 
b}' the downward pnB of the mass 

freed to Its end. The amount b"' 

- ; 

which a s*eel spring is lengthened, 
as the result of such downwara pnll 
of masses attached to its end, is csed 


Keeping hi mind what 




to measure then- TreigEts m the m- ' 
strement called a s p an g balance. 

If we use a ■' erv delicate balance 
o'” tins land. like those used in 
weighing letters, we can maLe the 
tvEgh; of a small p^ece of iron hung 
on to the balance appear greater by 
boldmg a strong magnet beneath it. 

But though me weight may appear 
greater, the mass or qiantity of 
matter is. of course, the same whether 
the magnet is under the iron or not. 

If you have understood these ex- 
pemnents you win ha'-E no trouble 
in seeing clearly what exacay is 
meant by the wagiit of a body 
Unsuppowed things fell to the 
ground ; a fret which can also be expressed by saying that 
they are attracteo to the earth. Now even when they are 
supported. iit.e the objects on the tabie. the earth attracts 
them just as mncii. only the table prevents them from felling. 



EW ciEtE^-T’ 


tTK EEIiS. djis 
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as they would do if there w ere no table there The force with 
which a body is attracted by the earth is its weight But it 
must be remembered that this foice is just the same whether 
they actually fall to the ground or not You become aware 
of the weight of a heavy' thing when you hold it on the out- 
stretched hand You feel that it is only by using your strength, 
or as It IS sometimes said, by everting force, that you prevent 
It from falling This force which you exert is equal to the 
weight of the heavy object If you hav’e understood this, and 
It IS necessary that you should, you will never confuse mass 
and weight, for while mass is the amount of substance m a 
thmg, weight is the force with which the thmg tries to get 
to the earth 

To BE Rpmembfred 

/ The mass of a thing and its weight arc not the same 
/ The mass of a thing is the quantity of matter in it, and this remains 
I the same wherever the body is placed 

The weight of a thing is the strength of the earth’s jiull upon it In 
I other words, it is the force with which the thing is attracted by the 
' earth 


Exercise IX 

1 YTiat do you mean by the mass of a thing? Is there any differ 
ence between the mass of a pound of cotton wool and the mass of a 
pound of iron ? 

2 YTiich IS larger in sire, the mass of a pound of cotton wool or 
the mass of a pound of iron? 

3 What expenments would you perform to show that masses are 
attracted by the earth ? 

4 YTiat do y’ou mean by the weight of a mass? Write down the 
difference in the meaning of (a) the mass of a book , { 6 ) the w eight of 
a book 

5 It IS possible to make the weight of a piece of iron appear greater 
than It really is. How would you do it? 
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LESSON X 

MEASUREMENT OF MASS 
PRACTICAL WORK 

Things required.— Examples of British masses, an ounce, a 
pound, a half-hundredweight Bov of metric masses, generally 
spoken of as a bo\ of “ \\ eights ” A kilogram Spnng balance 
What to do 

Compare the pound and the kilogram Hang the loo 
gram mass from a spnng balance, and notice that the 
downward pull or its weight is equal to the weight of 3i 
ounces 

AVhat then is the Bntish equivalent of the n eight of a 
kilogram ’ It is evidently equal to the n eight of 3i ounces 
X io= weight of 35 ounces = the weight of 2^ lbs (roughly) 


REASONS AND RESULTS 

Measurement of Mass — Just as in measunng lengths ve 
found It vas necessary to have a standard with nhich to com- 
pare, so in measunng mass we must also have a standard or 
unit Then we can say how many times the mass of a given 
body IS greater or smaller than our unit In this country the 
standard of mass is the amount of matter in a lump of platinum 
which IS kept with the standard yard by the Board of Trade. 
This lump of platinum is called the imperial standard pound 
avoirdupois (Fig 23) The dmsions, etc , of the impenal pound 
you have alread) learnt in your anthmetic lessons, under the 
name of “ avoirdupois w eight” 

A mass of i lb avoirdupois is kept at a weights and measures 
office m every city, so as to test the lb ‘weights’ used bv trades- 
men, and see whether they really hav'e the mass of i lb or are 
too light A local standard lb used for this purpose is shown 
in Fig 24. 
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AVOIRDUPOIS WEIGHT! 


i6 drams 
1 6 ounces 
28 pounds 
4 quarters 
20 hundredweights 


make i ounce. 

„ I pound 
„ I quarter 
„ I hundredweight 
„ I ton 


1 The Kilogram and Gram. — The standard of mass which is 
/adopted m France, and in other countnes where they use the 



Fig 23 — Lxact sue and sbap*; of the UnUsh standard pound, made 
of platinum From Aldouss Course o/Ph}5ics (Macmdlan) 


^ metnc system, is called the kilogram. The kilogram is the 
I amount of matter m a lump of platinum which is kept in safety 
' at Sevres This standard is bigger than the Bntish pound , 
1 indeed it is equal to about two and one-fifth of our pounds 
I It is very interesting to know how the mass of a kilogram was 
5 obtained It wns agreed to give the name gram to the mass 
5 of water which a little vessel holding one cubic centimetre would 
'contain- The lump of platinum was made equal to the mass 


1 Remember this is a wating use of the w ord w eight YTiat ought a to be ? 
-The temperature being 4° C But it is unnecessar} for the beginner at 
this stage to consider why the temperature must be mentioned. 
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of one thousand cubic centimetres of ^vater , it would therefore 
have the same mass as one thousand cubic centimetres of water, 
or, as you know this amount is called, a litre of water The 



Fig 34 — Sue and shape of the avoirdupois i lb kept b\ In 
spcctors of Weights and Measures* Made of brass, h rom Aldous s 
Course of Physics (MacmiUnn) 


names used for the divisions, etc, of the gram are obtained in 
the same v ay as in the case of the metre, thus 


METRIC MEASUREMENT OF MASSES 

10 milligrams = i centigram 10 grams = i dekagram 

10 centigrams = i decigram. 10 dekagrams = i hektogram 

10 decigrams =i gram. 10 hektograms=i kilogram 
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How to remember Metric Measures — As ve ha\c now 
dcscnbcd the mctnc measures of length, \olumc, and mass, 
this IS the place to c\plam how thc> can all he easily 
remembered 



Fig. aj.— Fx^ct sire an?! -^hnpe of ihc mttrjc sinnilanl of the 

kiloRTam — made of jdalinum rrom Aldou-ss tnwrrt Phyu 
millnn). 

You should bear m mind that in mctnc measures 


' milii- 

means 

thousandth 

ccnti- 


hundredth 

deci 


tenth 

) deka- 

5> 

ten times 

j hekto- 

» 

a hundred times 

1 kilo- 


a thousand times 


By putting these words in front of the words metre, litre, and 
gram, all the mctnc measures of length, \olume, and mass are 
obtained, as show n in the followang table 
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Length 

Volume. 

Mass. 


Milli metre 

Milli litre 

Milh gram 

ria 

Centi metre 

Centi litre 

Centi gram 

1^) 

Deci metre 

Deci litre 

Deci gram 

I 

Metre 

Litre 

Gram 

10 

Deka metre 

Deka-litre 

Deka-gram 

100 

Hekto metre 

Hekto litre 

Hekto gram 

1000 

Kilo metre 

Kilo litre 

Kilo gram 


You see from this that what you have learnt to call the metnc 
system of weights and measures is much simpler than ours, 
and the boys in countnes where it is used hav’e not to leam so 
many different tables as they have in England when they begin 
“ weights and measures ” sums 


To BE Remembered 

The Brittflli standard of mass is the impenal pound avoirdupois 

The metric standard of mass is the kilogram ( = 2^ lbs ), or tht 
mass of 1000 cubic cenUmetres of water at a certain degree of tern 
perature A gram is the mass of i aibic centimetre of water 

To rememher metric measures bear in mind the words mill: 
(thousandth), cenU (hundredth), dea (tenth), deka (ten), hekto (hundred), 
kilo (thousand) 

Exercise X 

1 What IS the standard of mass in BnUsh countnes and vhat ir 
France? 

2 Wnte out “avoirdupois weight ” 

3 State exactly what a kilogram is How much water by volume 
has a mass of a kilogram? 

4. Wnte down the table you have learnt of the metnc s;>stem a 
masses. 
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LESSON XI 


THE PRINCIPLE OF THE BALANCE 
PRACTICAL WORK 

Things required —L’ltli with a nng or eje screwed into one 
edge, nboie the centre, and a similai nng at each end , the hth 
should be marked in equal dnisions of about i centimelrL, 
starting from the centre Two pill bo\es, or shallow trajs, 
ha\ang threads for suspending them from the lath i lb of 
very small nails Set of “ w eights ” 

What to do 

Hang the lath from a smooth round nail by means of 
the nng abo\c its centre, so that it turns easily about the 
nail and hangs honzontally, as it will do if properly sus- 
pended Hang a mass by means of thread upon the hth 
at am convenient distance on one side of the nail, and 
balance it with a mass of the same amount on the other 
side Measure and pro\e that the distance of the masses 
from the middle di\ ision is the same m each case. 



Fig s6 — A balance made with n 
lath and pill boxes. 


Fig ejr — The mass muUiphcd 
bj the di'^lnnce from the tamina 
point ci\ C3 the <amc ^c^■uU on both 
sides. 


Using the lath as before, bang o\er it, at equal distances 
from the nail, two pans (which you can make out of pill 
bo\es and thread), one on each side of the nail Put a 
known mass, say 20 grams, or, if more convenient, an 
ounce, in one pan and find out what mass must be placed 
in the other for the lath to be hon2;ontal, or, as we say, for 
the lath to be cquilibnum Prove in this way that when 
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the pans are at equal distances from the support there is 
equihbnum when the masses are equal 

Hang Lvo masses, one twice as great as the other, on 
opposite sides of the turning-point of the lath. Mo\e them 
along until they balance one another , then notice that the 
smaller of the two masses is twice as far an ay from the 
centre as the larger Evpenment mth other masses, and 
shoiv that m every' case 

mass Its distance mass its distance 

on X from turning- = on x from turning- 
one side point other side point 

Find in this way' the masses of a few things, such as 
half-a-croum, penny', etc. 

REASONS AND RESULTS 

The Pnnaple of the Balance. — ^WTien two boys are going to 
hav e a see-saw they first place the plank upon a log or some 



other support, so that it balances, half of it being on one side of 
the log and half on the other If the boy's hav e the same mass 
they' sit at equal distances from the log, and then the see saw 
moves easily up and down If one boy is bigger than the other, 
he sits nearer the log than the smaller boy' in order to make the 
balance right. A small boy at one end of the see-saw can 
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balance a big and hea\"} bo> silting near the log upon the other 
side. 

A small lath balanced upon a nng aboi e the centre, as shoim 
in Fig 26, IS similar to a see saw, and, like it, nnll swing up and 
down If a certain mass is hung from one side, then the same 
mass must be hung at the same distance from the centre on 
the other side in order to balance the lath ^^^len the lath is 
supported at the middle, equal masses are alwajs balanced at 
equal distances from the point of support This fact is made 
use of in constructing ordinan balances or scales A simple 
form of balance can be made bj hanging two pill boxes from 
hooks at the ends of the lath, as shown m the picture (Fig 26) 

The Balance — The form of balance shown m Fig 29 is 
eiadendx similar in pnnciple to the supported lath wath pill 



boxes This kind of balance is good enough for ordinan pur- 
poses, but when e.xact weighings are wanted, a better form, 
such as that shown in Fig 30, is used. All the parts in this 
balance are %er) careful!) made, and the greatest possible pains 
are taken to hate \eTv delicate supports and accurate adjust- 
ments Instead of the wooden lath desenbed just now, a brass 
beam iAB, is emplojed This is supported at its middle line 
on a knitb-.^ge of hard steel, which, when the balance is in use, 
rests on a tiw surface of similar steel The hooks to which the 
pans are attlched afe IJkewise'proiaded wath a V-shaped grooxe 
of hard steel, which also, when the balance is in use, rests upon 
knife edges on the upper piarts of the beam To the middle of 
the beam is attached a pointer, the end of which moves m 
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front of an ivory scale, G, fixed at the bottom of the upright 
which Carnes the beam When not m use, the beam and hooks 
are lifted off the knife edges by turning the handle C 



Fto 30. — A delicate balance for the accurate determination of masses. 

The Balance is used for compainng Masses — When we ivish 
to know the mass of any body we place it m one pan of the 
balance (for the sake of convenience the left one is genemlly 
used), and then we counterpoise it mth known masses Fiom 
our second experiment with the suspended lath we know that 
when the body whose mass is required is balanced by one or 
moie masses from a box of standard masses, called a box of 
“ weights,” we can find the unknoivn mass by adding together 
that of all the masses in the right hand pan 

To BE Remembered 

A balanced lath remains in eqinlibnum when the mass on one side, 
multiplied by its distance from the turning-point, is equal to the mass 
on the other side, multiplied by its distance from the turning point 

The balance is used to compare masses. The pnnciple upon which 
it depends is, that when tw'o masses placed at the same distance on 
opposite sides of the turning point balance one another, they are equal 

Exercise XI 

I Descnbc an experiment to illustrate the pnnciple of the lialance, 
and gi\c a sketch of the things you use 
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2 Descnbe, \Mth a sketch, tlic construction of the balance, and 
explain its use. 

If a boy i\ hose mass is 56 lbs sits on one side of a balanced see 
saw, at a distance of 6 feet from the log upon which it rests, how far 
from the log must a boy whose mass is 1 12 lbs sit in order to keep tlie 
see saw level ? 

4, Why IS It necessary to be sure that the pnns of a balance are sus 
pended at the same distance from the turning point? 
v/ S Suppose a tea merchant uses a pair of scales having a beam not 
supported from the centre, but from a point a little distance nearer the 
pan in which he puts his “weights ” Do his customers get fairweight? 
If not, explain whether they get less or more than they ought. 


LESSON XII 
DENSITY 
PRACTICAL WORK, 


Things required, — Cubic centimetres of oak, lead, cork, 
and marble Two 4 oz. flasks, or small bottles of the same 
size. Balance and box of “weights” Graduated glass jar, 
marked in cubic centimetre divisions (Fig 31), pipette Small 
beaker 

What to do 

Determine, by means of a balance, the mass of each 
of the cubic centimetres supplied, and record the results 
thus 

Grams. 


Mass of the cubic centimetre of wood (oak) = 
„ „ „ lead = 

,, ,, „ cork = 

„ „ „ marble = 


83= 

II 35 = 113% 
24= 

284== 2SI 


Counterpoise two small bottles of the same size. Fill 
one wath water and the other with methjlated spint 
Notice that the bottle of water is heavier than the bottle 
of spint, though the volume of each liquid is the same. 

Place a glass vessel in one pan of the balance, and counter 
poise It wnth shot or small nails m the other Measure out 
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loo cubic centimetres of water into the glass vessel, and 
find the mass of the water in grams Determine the mass 
of one cubic centimetre by dividing this number by loo 
It ivill be found that the mass of one cubic centimetre is 
one gram very nearly It would be exactly if the water 
were at a certain temperature. 

A convenient way to add or take away small quantities 
of liquid IS by means of a pipette, used as shown in Fig 32 

Counterpoise a pint measure or bottle with some sheet 
lead Fill the bottle ivith water, and place iron weights m 
the opposite pan to balance it Notice that the size of the 
iron is much less than the size of the pint of water 




REASONS AND RESULTS 

The Meanmg of Density — In an earher lesson an explana- 
tion was given of the meaning of the word dense, and lead was 
mentioned as an example of a dense substance. You must now 
learn more exactly what the vord dense, or density', means 
If different solids are obtained, of the same size or volume, 
every boy knows that they iviU have different masses Suppose, 
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for instance, %\e determine the mass of a cubic centimetre of 
■wood, lead, cork, and marble, one after the other The leaa 
wll be found to have the greatest mass, or be heaiiest, the 
marble wall come next, and then will follow the w'ood and 
cork m order We thus find that equal volumes of these 
different solids have different masses 

B> filling tw'o bottles of the same size with different liquids. 
It can also be showm that equal volumes of different liquids 
have different masses And when different gases are compared 
in the same way, equal volumes of these, too, are found to 
ha\e different masses 



F’jf 3 ^ — A bottle of water IS heavier 
than a bottle of spint of the same site. 



Fig 34 — A pint of water has a mass 
of a pound and a quaitcr Notice the 
piece of lead under the li lbs. to 
counterpoise the empty bottle. 


Or, if we compare the size of a pint of water witli that of one 
and a quarter pounds of iron, we find that, though as shown by 
weighing, the masses of these things are equal, jet their sizes 
arc \er>’ unequal Hence we may say that equal masses of iron 
and water have \ery different sizes 
Two facts, which should ne\cr be forgotten, are taught bj 
expenments of this kind They are 

> i Lumps of different substances of the same size or volume 
may have unequal masses 

2 Lumps of different substances which have equal masses 
may have \crj different sizes or volumes 

It is usual to speak of these facts bv sajmg that things have 
different densibes Referring again to an example vie have 
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already used, a pound of feathers or cotton-wool has exactly the 
same mass as a pound of lead, but, as vou know, both the 
feathers and cotton-w'ool take up much more room, or have a 
larger volume, than the piece of lead (Fig 19) The matter in 
the lead must be p acke d more closely than m the cotton-wool, 
which accounts for it taking up less room The shortest w'ay of 
sajang all this, and the w'ay in which you must express it for 
the future, is to say that lead is denser than either cotton- 
wool or feathers 

If the size of a thing whose mass is great is very little, then id 
IS called a dense thing, or is said to have a high density If, on 
the other hand, the size of a thing is very great and its mass 
verj' small, it is said to have a low density Lead is a sub- 
stance wnth a high densit)', because, as you know, a small piece 
of It has a large mass Pith and cork, on the contrarj', have 
a low density, because a very large lump of either of them 
has a small mass 

How Densities are compared — It is easy to compare densities 
when lumps of ex-actly the same size are used Since the 
volumes are the same, it is quite clear that the thing with the 
greatest mass is the densest, and that which has the smallest 
mass is the least dense, so that we can compare the densities 
of these things by their masses If we arrange them in order, 
putting the heaviest at the top, thus, 

[ lead 
* marble 
wood 
, cork 

W’e can say that lead is denser than marble, marble than wood, 
and so on Moreover, the densities of these things having the 
same size are in the same proportion as their masses 

Standard of Density — But to compare densities it is better 
to have a standard, just as we have a standard of length, the 
yard, with which to compare other lengths , or a standard 
of size with w'hich to compare other sizes The density of 
•water at a certain fixed temperature is taken as the standard 
[This temperature is called four degrees centigrade, and w ntten 

D 
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SO 

C , which you will understand after 3'ou have studied the 
thermometer ] 

{ The mass of one cubic centimetre of water at 4° C is one 
gram, and its density is taken as the standard of density, and 
is called i Similarly, a substance, the mass of a cubic 
centimetre of which is two grams, would be said to have a 
density of 2, for it must contain twice as much matter as 
water does, packed into one cubic centimetre. The mass of 
I a cubic centimetre of quicksilver is 13^ (136) grams, te it 
contains 13^ times as much matter m one cubic centimetre 
as there is in one cubic centimetre of water Its d ensity i s 
therefore 13^ or 136 


To BE Remembered 

Equal volumes of different substances may have different masses. 

Equal maaaeB of different substances may have different volumes. 

Density is shown by the proportion of mass to volume 

The standard density is the density of water at a temperature of 
4 degrees on the centigrade thermometer 

The mass of a onhlo centimetre of water at a temperature of 
4° C is I gram, and the mass in grams of a cubic centimetre of any 
substance at this temperature is the density of the substance. 

• Exercise XII 

1 How would you show that equal volumes of different substances 
-nay haie different masses? 

2 If you had equal masses of iron and water, which Mould have the 
larger sue? YTiat conclusion would jou draw from the difference? 

3 What IS meant bj the density of a substance? Name several 
things with a high density and several things with a low density 

4 The density of what substance is taken as the standard? How 
would you proceed to find the mass of a cubic centimetre of water? 
What result would you expect to obtam? 
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LESSON XIII. 

DENSITY— Continued 
PRACTICAL WORK 

Things required — Small bottle, or medicine phial, inth glass 
stopper having a groove, made by means of a file along the part 
which fits mto the bottle , also a bottle with a file mark across it 
near the top Balance and a bov of weights Small nails for 
counterpoismg 
What to do 

Clean and dry the bottle hanng a mark across iL 
Counterpoise the bottle with a pill bov containing very 
small nails or lead foil Now' fill the bottle with water 
up to the mark, and find, by weighing, the mass of the 
water 

Empty out the water and fill up to the mark w'lth the 
liquid whose density is required, such as methylated spint 
or milk. As before, find by w’eighing the mass of spirit 
or milk in the bottle The masses of equal volumes of the 
two liquids are thus obtained 

Consider the use of the grooved stopper in the second 
bottle, and use the bottle to determine the masses of equal 
volumes of tw'o different liquids 


REASONS AND RESULTS 

How the Density of a Thing is measured. — This becomes 
very easy when water is taken as a standard. All we w ant to 
do to know the density of any substance is to ascertain the mass 
of a cubic cenbmetre of the substance. This number tells us, 
since the mass of a cubic centimetre of water is 1 gram, how' 
many times heavier or lighter the substance is than the 
standard, w-ater , and this, as you know', is the density of the 
substance. 
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We can now think of density in two nays We can either 
regard it as 

(1) The number of times a substance is heaner or lighter 

than water, or, as 

(2) The mass of a cubic centimetre of the substance 


Let us go one step further Wliat is true of one centimetre of 
each of the things w e are considenng, namely, the standard water 
and the substance whose density is required, wall also be true of 
two centimetres, or any other number of centimetres So long 
as w'e keep the sizes or volumes the same, then, we can compare 
the densities in just the same way, for the number of times the 
substance is hea\aer or lighter than w ater can be oetermined at 
once by a simple division sum But we need not measure the 
volume m cubic centimetres ^ Cubic indies or cubic feet would 
do just as well All w'c want to be quite sure of is that their 
volumes are the same 


ExpemnentaJ Determination of Density of Liquids — Since 
we only haie to be quite sure that the \olume of the water and 

the other substance are e\actlj the 

T==r n same m order to compare their 

mA densities at once, it is a verj' easy 

' w matter to find the density of a 

liquid All we haie to do is to 
take a bottle and scratch a mark 
on It, and fiU it up to this mark 
with the vanous liquids, and we 
shall be quite sure this gp\ es us the 
s^. y same volume of each of the liquids 

Fig. 35 -^boitUviithagvoov* ^r, we can completely fill a bottle 

5 n the stopper, for determining re inth one liquid after another, and 
latiie density , . , , , , 

so obtain equal \olumes of them 
A conv enient way to do this is to use a bottle like the one shown 
m Fig 35, having a stopper wnth a groove cut on it, or a hole 
bored through it When such a bottle is filled wnth a liquid, 
and the stopper is put in, some of the liquid passes up through 


1 At this stage it is assumed that the substance is at 4° C but this has not 
been insisted on too much lest the reader should get confused. 
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the groove to make room for the stopper A bottle of this 
kind may be named a density bottle 

Suppose the mass of water m a density bottle n as found to 
be so grams, and the mass of the same volume of methylated 
spint was found to be 40 grams Then these numbers show 
the relative densities of the two liquids, and as we take the 
density of water as the standard or unit, the density of the 
spint IS equal to 40 divided by 50 It is thus seen that 
the density of spint is represented by the fraction or 6J 
which written as a decimal fraction is o 8 

The density of many liquids is greater than that of iiatei 
Thus milk has a density represented by the number i 03, or 
so that equal volumes of water and milk would have 
masses in the proportion of 100 to 103 In all cases, whether 
solids or liquids are used m the expenments, we can say 


Density of substance = 


I nass of substance 

mass of equal volume of water 


To BE Remembered 

Density may be considered as (1) the inas» of a cubic centimetre 
of a substance, or (2) the number of times a substance is heavier or 
lighter than an equal volume of water 

Relative density is equal to the mass of a substance dinded by the 
mass of an equal volume of water 

To find the relative density of a liquid a density bottle is used, and 
the mass of liquid nhich fills it is diiaded by the mass of water which 
fills iL 

Exercise XIII 

1 State clearly the two ways m which you have learnt density may 
be spoken of 

2 If a cubic foot of any hquid has a mass ten times greater than 
that of a cubic foot of pure water, what would be its density? 

3 Draw a density bottle, and explain how it is used 

4 The density of qmcksilver is 13^, what does this mean? 

5 Explain fully how you would determine the density of \nnegar 
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LESSON XIV 

DETERMINATION OF DENSITY 
PRACTICAL WORK 

Things Required — U-tube mounted upon n strip of board 
This U-tube can be made by bending a piece of glass tubing, 
or b> connecting two pieces of tubing of equal bore with a 
piece of india-rubber Quicksiher, milk, \incgar, and similar 
common liquids 
What to do 

Pour quicksiher into one of the branches of the U-tube 
until It reaches a honzontal line drawai on the board 
(Fig 36) 

Now introduce water into one of the tubes, and notice 
that the mcrcurj on which the water rests is pushed down , 
aftcnnrds introduce enough water into the other tube to 
bnng the mercur> back to its onginal lc\el By mcasunng 
you find the length of each column of water is the same. 
Repeat the cvpcnmcnt with difTercnt quantities of water 

Remove the water and dr>’ the tubes, and sec that the 
mercurj' is up to the mark. Nearly fill one of the tubes 
with some liquid, such as methjlatcd spint, and balance 
It with water introduced into the other tube Measure 
the lengths of the columns of liquid 


REASONS AND RESULTS 

Balancing Columns of Water — A convenient way to balance 
liquids against one another, and so determine their relative 
densities, is by means of a glass tube bent in the form of a U 
When we arrange a U-tube, as in Fig 36, the mercurj'^ in the 
bend acts just like a pair of scales, and we are able to balance a 
column of water in one of the upright arms with a column of the 
same length in the other We are then able to argue thus the 



DETER3imATION OF DENSITY 


55 


columns of \vater are the same size, or have the same Aolume, 
and they balance one another, and consequently their masses 
must be the same , and, finally, since their masses are equal 


and their volume the same, they 
must have the same densitj' 
Balancing' Columns of Different 
Liquids — But suppose we put 
water m one arm of the U-tube, 
and enough methylated spirit 
into the other to make the mer- 
cury stand at the same height 
m the two arms 

Here we have a different state 
of affairs The column of spirit 
which balances the column of 
vater will be the longer, hence 
Its size or volume is greater, 
since the tubes are the same 
indth But because they balance, 
their masses must be the same. 
\^^llch is the denser ? Endently 
the irater is But how much 
denser? We can, since the 
masses are equal, easilj calculate 
this We may say 



Fic. 36. — arrangement forbalanc 
mg columns of liquid Mercury is m 
the bend of the tube, up to the line on 
the upnght board 


. r . length of water column 

Density of spint=,— ^ p v 

length of spint column 


This IS a ver> good i\ay to compare the densities of liquids 
Ho'w the Density of a Sohd is found —The rule in the 
case of a sohd is just the same as Math a liquid , but the 
plan of getting the mass of a volume of A\ater exactly equal 
to the volume of the sohd depends upon se\eral things, which 
jou have yet to learn about, as to the way in which solids float 
or smk in ivater It will be wnsest to first study this subject, 
and then to try and learn how' to measure the densitj’’ of any 
solid This we shall try to do m the next lesson 
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To BE Remembered 

Wien colnmns of liquid balance one another, the denser the 
liquid the sliorter is the column. If spirit and water are used 

_ , . length of water column 

ensi y o — sp]nt column 

The density of any other liquid can lie determined by balancing a 
column of it against a column of Avater 

Exercise XR’' 

1 Two glass tubes of equal width are connected by india rubber 
tubing and arranged in the shape of a U The bend is filled with 
quicksilver If water is poured into one tube, and spirits of wine 
into the other, until they exactly balance one another, which liquid 
will stand higher, and why? 

2 Water is poured into one of the tubes in the apparatus descnbed 
in the last question until it half fills the tube How much water 
must be poured into the other tube to just balance it? Why? 

3 Which liquid has the greater density, water or milk? Desciibc 
a method by which you would find out the density of milk 

4 In an experiment with a U tube, it was found that a column 
of olive oil 10 inches in lengtn balanced a column of water 9 inches 
long What is the relabve density of olive oil? 


LESSON XV 

THINGS WHICH SINK IN WATER 
PRACTICAL WORK. 

Things required. — -A fish-globe, such as nre sold to keep gold 
fish in, or a large clear glass finger-bowl , pieces of lead, iron, 
oak, pine, corL Glass cylinder dmded into cubic centimetres 
Irregular solid, such as a glass stopper or a pebble. Mercury 
in a saucer or tumbler 
What to do 

Fill the fish-globe or finger-bowl with w'ater, and care- 
fully place lumps of different things, pieces of lead, 
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iron, oak, pine, and cork, one after another, into the water 
Obsert'e that (i) some sink and others float, (2) of those 
which float some sink further into the Avater than others 
Take the objects which sink in water and place them in 
mercury Notice that they float 

Partly fill a glass cylinder, divided into cubic centimetres, 
and record the level of the water therein Drop in one of 
the cubic centimetre solids which sinks, and again read 
the level of the water , put the others m in order, recording 
the level of the water after each such addition It inll 
be found that the level increases by i cubic centimetre 
division in each case 

Take any sohd, such as a glass stopper or a marble, and 
drop It gently into water contained in the graduated glass 
cylinder Read the level of the water before and after 
dropping the sohd in , the difference between these readings 
will give you the volume of the sohd m cubic centimetres 


REASONS AND RESULTS 

Some Things sink, others float m Water — When you throw 
a stone into water what happens to itl* It sinks to the bottom 
But if you throw a piece 
of wood into water does it 
also sink? No, it floats 
By noticing what happens 
when different substances 
are put m water you can 
easily divide them into two 
classes Those in one divi- 
sion all sink, while those 
in the other all float And, 
of those that float, some sink further into the water than others. 

But you must not suppose that substances which sink m 
water will sink in every liquid As a matter of fact, sohd iron, 
or even lead, will float upon mercury’ 

Volume of Water displaced by Bodies placed into it — If we 
put w'ater into a narrow glass c}hnder, and then add lumps 
of material of such a size and shape that they ivall go into 



Fig 37 — Some things sint, and others float, 
in water 
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the vessel easily, we can, by first making a mark on the cylinder 
at the level of the vater and then dropping in the things one at 
a time, show that, no matter whether they sink or float, the water 
stands higher w'hen the solids are m it than it did before Or, 
as It IS usually stated, the solids in every case displace a certain 
amount of water How' much water is thus displaced? Evi- 
dently the amount depends upon the Aolume of the part of 
the solid under water 

How to detennme the Volume of an Irregular Solid. — If a 
solid one cubic centimetre in size sinks in water it pushes 
aside one cubic centimetre of water to make room for itself 
If Its size IS tw'o cubic centimetres, it makes two cubic centi- 
metres of water nse abo\e the lei el the water had at first 
^\^latever the size of the solid, it must have room, and this 
room IS obtained by displacing an amount of water of exactly 
the same size. 


This IS a very useful fact to remember For suppose you 
■wish to find the volume of a stone hanng an irregular shape 

It would be difficult to do this by 
^ measunng the stone, but the stone 

; || could be placed in a vessel of water 

and the nse of level produced by 
I ji'-j 'I , It noticed. The water displaced 

||ii^ could then be poured into a cubic 

^ cubic centimetre 

F.g 38 -Th. nse of Ic^i of the the number of cubic inches 

■water when the stone is put in or cubic Centimetres could be thus 

shows the \olume of the stone, r i y-v 

found Or, v,c could get a glass 
measuie haiing cubic inches or cubic centimetres marked upon 
It, and pour the displaced water into it But the best plan of 
all IS to use a \essel having cubic centimetres marked upon 
It Water can be put in such a vessel up to a certain mark, 
and the number of cubic centimetres of water displaced by 
the sohd can be seen at once by' noticing the number of 
dn-isions between the levels of the water before and after the 
solid IS put in 

The Volume of Water displaced may be measured m Cubic 
Inches — Though in e\ ery one of the experiments in our 
lessons on the displacement of water we have usually spoken 




6o 


ELEMENTARY PHYSICS AND CHEMISTRY 


LESSON XVI 


THINGS WHICH FLOAT IN WATER. 


PRACTICAL WORK. 


Things required — Rectangular rod of n ood, i square cm m 
section and about 15 cm long, ivith lines around it i cm apart 
A small piece of the wood is gouged out of one end, and lead 
IS put into the hole , and the end is then made flat by filling 
m mth wax. Graduated jar A lactometer Narrow test tube 
mth mercury or shot in it Balance and box of weights 
What to do 

Put some water in the graduated jar, and notice its level 
Find the mass of the rectangular rod, and then place the 



Fig. 39 — The namber of 
cubic centimetres in the part 
of the rod under ^'ater is 
equal to the number of cubic 
centimetres of the ivntcr dis 
placed 



Fig 40 — ^The moss of the 
test tube and contents is equal 
to the mass of water displaced 


rod m the jar with the leaded end downwards Notice how 
many cubic centimetres of the rod are immersed, and also 
how many cubic centimetres of water are displaced Since 
the mass of r cub cm of water is 1 gram, the number of 
cubic centimetres of water displaced is also the mass m 
grams of the water displaced This mass will be found 
equal to the mass of the whole rod 

Fill the dmded glass cylinder with water up^to a certain 
mark Notice the level of the water ' 
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Make a mark across a test-tube about two-thirds of the 
distance from the bottom of the test-tube Float the test- 
tube in the w'ater and put mercurj' or shot into it until the 
mark upon it is on a level wnth the surface of the water 
Notice the number of cubic centimetres of water displaced 
when the test-tube is thus immersed 

Then take out the test-tube, dry it, and determine its 
mass together wath the mercur}' it contains The total 
mass of the test-tube and contents wall be found equal to the 
mass showai by the number of cubic centimetres of water 
displaced. Repeat the expenment wath the test-tube im- 
mersed to a different mark 

Float the test-tube and contents m spints of wane and 
milk in succession Notice that in the former case it sinks 
deeper than the mark, while m the other not so deep 

Place the loaded test-tube or a lactometer (i) in milk, 
(2) in water, (3) in a mixture of milk and water Observe 
the depth to w'hich it sinks in each case. 


REASONS AND RESULTS 

Water displaced by Sohds which float. — ^You ha\ e learned that 
a solid which sinks m water or any liquid displaces a volume 
of liquid equal to its owm volume ^^^len a solid floats, the case 
IS slightly different Part of the solid is in w^ter and part out of 
the w ater, and, of course, onlj the part immersed is pushing the 
water aside in order to make room for itself In the case of a 
floatmg object, therefore, the volume of liquid displaced is equal 
to the volume of the part of the sohd below the surface 

What deades the Depth at which an Object floats m Water? 
— "When any object is floating in water, a certain volume of it is 
under water and a certain volume is above the surface You 
know verj' well that the depth at which it floats depends upon 
Its heavnness, or, m more e.\act words, upon its densitj A rod 
of heavy w'ood sinks deeper in water than a rod of light wood of 
the same size. The wnter displaced by the heav'j wood has 
therefore a greater volume, and consequently a greater mass, 
than that displaced bj’’ the light wood But there is one 
important fact which applies to both cases, and should be kept 



62 


ELEMENTARY PHYSICS AND CHEMISTRY 


well in mind It is that the mass of the water displaced by the 
immersed part of a floating object is equal to the whole mass 
of the object If therefore you are asked how far does an object 
which floats sink into irater, the answer is— it goes on sinking 
until It has displaced an amount of water iihose mass is equal to 


that of the whole mass of the floating object 
How far will an Object sink In other Liquids in which it floats? 
— Since the depth at which an object floats m water is decided 
by the rule we have just learnt, namely, that it goes on sinking 
until the mass of the water displaced by the 
immersed part of it is equal to the mass of 
the object itself, we ha\e a read) way of 
deciding whether an object wall sink further 
in another liquid or not so far If the liquid 
into which It is put is less dense than water, 
like spirits of wine, it is clear that to make 
up a given mass we shall want more of the 
liquid Consequent!), to make up a mass 
equal to the mass of the floating body, the 
object will have to sink further into the spint 
than into the water If, on the other hand, 
the object is placed in a liquid such as 
mercury, which is denser than water, it will 
not sink so far, because it wall not take so 
much of this denser liquid to have a mass 
equal to that of the floating body 
The Lactometer — This fact is made use of 
in the construction of the simple instrument 
called a lactometer (Fig 41), used to test 
the density of milk When placed in pure 
milk a lactometer should float with the mark 
(Fig 41) on a level wath the surface of 
the liquid In a mixture of milk and water 
the lactometer floats wath some other division 
le\el with the surface of the liquid Thus, 
m milk 10 per cent below the average density, the 10 above 
the mark P is level with the surface. 

An expenenced observer is able, therefore, from the readings 
of a lactometer to tell whether a sample of milk has a correct 



Fig. 41 —A Ificto- 
meter, for testmg the 
equality of milk. It 
sinks to the mark P 
when put in pure-milk. 
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density, or whether it is heavier or hghter than it should be. 
At the same time it must be clearly understood that it is not 
possible to decide at once from the reading of a lactometer 
whether a sample of milk has been adulterated or not There 
are other considerations to be taken into account. 

To BE Remembered 

When an object floats m a liquid, the volume of liquid displaced is 
equal to the volume of the immersed portion of the object 

The mass of the water displaced by a floating object is equal to 
the whole mass of the object 

An object which floats in water sinks deeper mto a hqmd which 
IS less dense than water, and not so deep into one which is denser 
than water 

A lactometer is an instrument for testing the proportion of water 
which may have been added to milk 

Exercise XVI 

1 What IS the volume of water displaced by an object which floats 
m it? 

2 How far will a given object sink into water? 

3 Will a lead pencil sink further into spirits of wme or mto water 
when floated m these liquids ? Give reasons for jour answer 

4. Why does a piece of oak sink further into water than a piece of 
deal the same size ? 
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LESSON XVII 


PRINCIPLE OF ARCHIMEDES 


PRACTICAL WORK 

Things required — Bnck with string tied to it Pail of uater 
Metal cube or other heai^ object Spring balance. Tumbler 
Balance wnth one pan lia\ ing short suspension cords or chains 

and a hook soldered to the bottom 
^ Bov of weights Graduated jar 
Small tin canister Small nails or 
shot Methylated spirit or turpen 
tine. 

What to do 

Hold a bnck by a stnng 
having one end tied round it 
Keeping the stnng in your 
hand, lower the bnck into a 
pail of W’atcr, and notice that 
the bnck seems to become 
lighter when it is immersed in 
the water 

Suspend a metal cube, or 
any other fairly heai'y object, 
from a spnng balance, and 
notice the reading of the 
balance. This indicates the 
weight of the object in air 
Immerse the cube in water, as 
in Fig 42, and again notice 
the reading of the balance It is less than before, and the 
loss of w eight show's the buoyant pow er of the water 

Find the volume of the cube, or other object used in 
the last expenment, b> noticing the volume of the ivater 
It displaces in the graduated jar 


Fic ^5. — The block wxighs less 
when immersed in water than when 
suspended in air 
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Hang the object from one pan of the balance, as shown 
in Fig 43, and determine its mass in grams Now bnng a 
vessel of water under tire pan so that the object is immersed 
in It, as in Fig 44 The pan nses, indicating a loss of 
iveigliL Put gram weights m the pan until the balance sets 
honzontally as before. You thus find the apparent loss of 
mass due to the buoyancy of the water Notice that the 
numbei gning this loss in grams is the same as that 
giving the volume of water m cubic centimetres dis- 
placed by the object 




Fic 43 — Weighing an object in -ur Fig 4^ — The same object weighed in 

water Notice that weights are in the 
short pan to mahc up Tor the buoyancy of 
the w ater 

If time permits, repeat the expenment witli another 
object, and find again that the number giMng its volume 
in cubic centimetres is the same as that showing the loss 
of weight (measured as before) when immersed m water 
Procure a small tin canister about half the diameter of 
the graduated jar Put some abater into the jar Notice 
the leveL Place the canister in the water and gradually' 
put shot or small nails into it until it just sinks m the water 
when the cover is on Pour the water displaced by the 
canister into a beaker counterpoised upon a balance , then 
take out the canister, wipe it, and place it m the other pan 
of the balance You will find that the mass of the canister 
and shot is practically the same as the mass of the water 
displaced, 

E 
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Repeat the expenment, using another liquid, such as 
methylated spint, or turpentine, instead of uater 


REASONS AND RESULTS 

Buoyancy — Most bo)s and girls ha\e noticed when in a bath 
that if there is water enough, and thej take hold of no support, 
the w'atcr buoys them up, or they expcnencc a tendencN to nse 
up through the water In the case of things winch float, such 
as a w'ooden rod or a lead pencil, you can easily see the results 
of this buoyancy which the water exerts, bj' pushing either the 
rod or pencil down into the water and then letting go, when the 
solid floats up through the water E\cn in the case of bodies 
which sink, there is the same buoyancy on the part of the water, 
but It IS not enough to float them The effect which the water 
has upon such bodies can, howeier, be seen in the loss of weight 
which tliej expencncc if they arc weighed bj a spring balance 
when hanging in water (Fig 42) 

Loss of Weight of Things immersed m Water — It is easy to 
prove by expenment that an object weighs less in water than 
out of It If a cubic centimetre of lead, or any other heaiq 
matenal, is hung from a spnng balance and then suspended in 
water, it will be found to weigh the weight of one gram less in 
water than out If two cubic centimetres arc suspended from 
the balance, the loss of w'eight is the weight of two grams. 
In everj' case the loss of weight measured in this W'aj is equal 
to the number of cubic centimetres of the solid immersed 
in the water The loss is thus equal to the lueight of the water 
displaced This fact bnngs us to a highly important conclu- 
sion, known after its discoverer as the PrtitapU of Arclitmedes 

The Principle of Archimedes — When a Body is immersed m 
Water it loses Weight equal to the Weight of the Water dis 
placed by It — If the body be immersed in any other liquid, 
then, the loss of weight is equal to the weight of an equal 
volume of that liquid It docs not matter w'hat substance a 
thing IS made of, the amount of loss of weight depends upon 
the volume of the part immersed and not Upon the material 

We can now understand manj' interesting facts For in- 
stance, a ship made of iron, and containing all kinds of heax'y 
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th.ngs, IS able to float in ^\ater although the matenal of which 
it IS made is denser than water This is because the ship 
and all its contents only weigh the same as the volume of 
the water displaced by the immersed part of the hull Or, 
the ship as a whole weighs less than a quantity of water the 
same size as the ship w'ould w'eigh 
Now, too, we can see why some solids float and some sink. 
When an object weighs more than an equal volume of w^ter 
it sinks When an object weighs less than an equal volume 
of water it floats ^Vhen an object weighs the same as an 
equal volume of ivater it remains suspended in the ivater 
A balloon rises in the air because the gas in the balloon, 
together w’lth the bag and tackle, weighs less than an -equal 
volume of air If the balloon were free to ascend it w'ould 
nse to a height where its weight would be equal to the w'eight 
of an equal volume of air 


To BE Remembered 

Buoyancy is the support given by hquids to objects immersed in 
them 

Objects Immersed in water appear lighter than when they are out 
of water 

The Prmciple of Archimedes states that when an object is immersed 
in a liquid it expenences a loss of weight equal to the weight of the 
hquid displaced by it 

Iron ships float because they are lighter bulk for bulk than an equal 
volume of water 

The weight of the mass of water displaced by the part of a ship 
in water is equal to the weight of the whole mass of the ship 


Evfrcise XVII 

1 Why do things lose weight in water? How would }6u measure 
this loss of weight? 

2 What IS meant by the Pnnciple of Archimedes? 

3 A piece of iron sinks m watei while a cork floats VTiat is the 
reason of this? 

4 VTiat do you understand by buojancj ? 

5 VTiy will an iron ship float in water? 
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6 An object hn\inf; t volume of 27 ctibic centimetres has n mass 
of 124 grams m air What is its weight in water’ 

7 The mass of an object npjxtar. to lx. J9 grams less in water 
than in air Wliat is the \oIitmc of the object’ 


LESSON XVIII 

DETERMINATION Of THE DENSITY OF A SOLID 
PR \CTIC\L WORE 

Things required — llalancc anti bo\ of weights Pebbles, 
and other solids suit iblc for detcmiination of densities Beaker 
of water Etne thread 
What to do 

Attach the solid the dcnsilj of which \oti arc going to 
determine to one side of the balance, as shown in 



Fig 45 By weighing, find its mass in air Then 
immerse the solid in water placed in a beaker standing 
upon .a small platform ////, as showai tn Fig 45 Find 
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Its eight m iv-ater, and, by subtracting this number from 
its weight in air, determine the loss in n eight of the 
solid nhen suspended in w-ater 

Another plan of detenroning the weight of an object m 
water was explained in the last lesson (Fig 44) 

This loss of weight equals the weight of a \olume of 
water equal to the volume of the solid We can therefore 
write 

^ j Weight of the solid in air 

Density of solid=j^^ --- 


REASONS AND RESULTS 

How the Relative Density of a Sohd is determined — ^We left 
this problem over from a prevnous lesson, in which we learnt 
how to determine the density of a liquid compared with water 
Until you had studied what jou have now learnt to call the 
Principle of Archimedes, it was not possible to understand the 
steps by which the relativ e density of a sohd is obtained But 
now that jou have found out that when a bodv is immersed 
in water it loses weight equal to the weight of the water 
displaced bj it, you arc in possession of all the information 
necessarj' for determining the density of a sohd compared wath 
waiter 

All we want to know is 

1 The mass of the object, which we can determine by 

weighing It in air 

2 The mass of an equal v'olume of water 

And the Pnnciple of Archimedes enables us to do this in 
the followang manner 

We hang the object, by means of a fine thread, from one side 
of the beam of a balance m such a waj that it is completely 
immersed in water Then bj weighing we observ^e that its 
mass appears less than when hanging in air This is because it 
loses weight in the water The buojancy of the water acting 
upwards overcomes part of the pull of the earth downwards 
The difference in the mass of the object m air and its apparent 
mass when immersed in water gives us the mass of a volume 
of water equal to the volume of the object From these 
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numbeis we can at once calculate the density of the solid 
compared with water as a standard 

^ , , , Mass of the object in air 

ensity o t le so i — lyj^gg equal volume of water 


But the w eight of an object at any particular place depends 
directly upon the mass, consequent!) w'c can substitute the 
word weight for mass in tins case, and can therefore wmte as 
follows 


Density of the solid = 


Weight of the object in air 
Weight of an equal volume of water 


Another way to find the Mass of an Equal Volume of 
Water — To find the mass of an equal volume of water, the 
object could be placed in a graduated jar and the amount 
of water displaced could be taken out and its mass determined 
by weighing Or, if the number of cubic centimetres of water 
displaced is observed, the same number tells us the mass of 
the displaced water m grams 

Example — A piece of lead was found to have a mass of 
loo grams m air, and when suspended in water its mass 
appeared to be 90 grams \Vhat is its density compared w ith 
water ? 

What must we do wath these numbers to find out the 
density of the lead compared wath water? We want to 
know two things, you remember — first, the weight of the 
object m air We know' the mass by weighing, and the weight 
IS direct!) proportional to this Secondl), we want to know 
the loss of weight in water, as this gnes us the weight of 
an equal volume of w'ater We get the loss of weight by 
subtraction, thus 

Loss of weight = - ( The weight, or its 

the lead in airj ^ apparent mass, m water 

= weight of 100 grams -weight of 90 grams 

=w eight of 10 grams 

1 00 

Density of the lead = — = 10 
10 

Since the density of this piece of lead is 10, we know that 
one cubic centimetre of it will hate a weight equal to that 
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of 10 grams What is the volume of the piece of lead used 
m the example? Evidently, since its weight is equal to that 
of joo grams, its volume must be ten cubic centimetres 


To BE Remembered 

To determine the density of a solid, y,e determine (i) its mass 

in air, (2) its apparent mass in water From these numbers ve can 

find the loss of \s eight which the solid expenences in water, and can 

sa\ . r , , Weight of solid in air 

•' Density of solid = = — 

■' Loss of weight in water 


Exercise XVIII 

1 Descnbe fully, wth a drawing, what weighings you would per 
form to determine the density of a solid 

2 Why does the mass of a solid weighed in water appear to be 
less than in air? 

3 A solid was weighed in air and found by a balance to ha\e 
a mass of 120 grams When suspended in water and again weighed 
Its mass seemed to be 100 grams What is its density? 

4 How does the Principle of Archimedes assist m the determination 
of the density of a solid? 


LESSON XIX 


THE AIR AROUND US 


PRACTICAL WORK 


Thmgs required. — Glass trough full 
or bottle fitted ivith funnel and tube, 
as m Fig 48 Balance Weights 
Tw o 8 oz flasks, one fitted with tubing 
and clip, as in Fig 49 

What to do 

Tiy' to force an empty bottle, 
held upnght mth its mouth dowm- 
wards, into a vessel of water 
(Fig 46) VTien you leave go, 


of water Bottle Flask 



Fig 46 — The air in the 
bottle cannot escape, and is 
compressed ts the bottle is 
pushed down mtp the 
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the bottle jumps up ngain Tlicrc is something in it A^hich 
acts like a spring 


Tilt an emptj bottle, 



Fig 4^ —An the wilcr rocs into 
bottle, air bubbles out 


month downwards, in a 
trough of water, and notice 
the bubbles of air which pass 
up as the water enters the 
bottle (big 47) 

1 ike a funnel w ith a narrow 
lube, and fit it firmly into a 
bottle b) means of an india- 
rubber stopper w Ith tw o holes 
in It Through the second 


hole pass a short piece of glass tubing bent at nght angles 


(Fig 48) 

Place a finger o\cr the open 
end of the tube, pour water into 
the funnel, and notice th it, so 
long as iou keep jour finger 
upon the end of the glass tube, 
the water is pre\entcd from 
getting into the bottle bj some- 




Fjc 49. — \Vhenairi5*?ucketl 
out of the bottle, the l>ottlc 
weighs le&stlian before. 


Fig 4S — The bottle onl) con 
t-uns -rJr, but the v.~iicr will not 
nin in until tlic finger is taken 
from the tube, and then the njr 
can be felt coming out 

thing — air — alreadj there (Eig 48) 
Take } our finger away The water 
now runs into the bottle, and air 
escapes from the tube. The cscap 
ing air maj be felt, or its effect 
upon a lighted match may be seen 
TIic following c\penment needs 
to be carefully done with a good 
balance in order to be successful 
Obtain two large flasks Fit one 
with a closely -fitting india-rubber 
stopper, haiang a hole in it through 


which a short piece of glass tubing passes Upon the 
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india-rubber a clip is fastened (Fig 49) Hang the flasks 
over the tuo pans of the balance, the fitted one having 
the stopper and tubing with it, and counterpoise them 
(Fig 50) 



Now insert a short glass mouthpiece in the india-rubber, 
open the clip, and suck air out of the stoppered flask, 
without touching the flask Fasten the clip while you are 
sucking out the air Take out the mouthpiece, and jou 
will find that the flasks no longer counterpoise, the one 
from w'hich air has been wnthdrawm being lighter than 
before Admit air by opening the clip, and it will be 
found that the flasks again counterpoise one another 


REASONS AND RESULTS 

There is Air all round us — ^Though w e can neither see, smell, 
hear, nor taste it, there is air all round us wherever we go We 
can feel it when it is blowai against us in a wand, and see the 
results of its motion when it moves trees or loose objects on 
the ground It drives wandmills and blows sailing ships across 
the seas, at times its force is so great that it blows dow-n great 
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houses ind produces mijfhtj l)d)o»\s upon the ocenn Wien 
these things Inppen uc become quite sure tint there is air 
And e\en on the cdnicst di\ the nr c in he fell bj smnging an 
ojicn hand to and fro, or b> using a f in 

Empty Vessels contain Air — When a bo} has used all the 
ginger beer or lemon ido out of a bottle, he sajs the bottle is 
cniptt I his, howerer, is not c\actl\ true. Wliat is usuallj 
c died an emptj bottle is rcallv i bottle of air If the bottle 
as dipped under nater mth the mouth doumvnrds and then 
idled, the nr will be seen bubbling out of it to make roam for 
the water wbirli runs in Or, if w.iter is allowed to run into 
It through a funnel passing tbrougb the cork, the air can be 
felt as It escapes tliroiigh a bole in tlic corL There can be 
no doubt, then, th U the bottle eont ims air c\en when it looks 
cmpt\, ind the same is tnic for other so called cmpij \csscls 

Air has Mass — \s air rcalb exists and can be felt it must 
bmt miss, though the mass of a sm ill quantitj, such as a 
bottle of nr, is sers slight We sometimes sa\ tint things arc 
as light as nir, but there arc gases which art lighter still The 
gas we burn in our houses, for instance is lighter than the same 
volume of air Compared with water, however, air is verj light 
A cubic fool of water has i mass equal to icoo ounces, Dut 
a aihic fool of air, at the ordinar) tempenture and pressure, 
onI> has a mass of a little more than in ounce W atcr is m 
fact, about eiglit hundred times huivicr than an equal hulk 
of air 

To find the mass of the air in a pint bottle, the bottle 
must first he weighed full of ur and then with the air sucked 
out h) means of an air pump The difibrcnee between the 
two weighings shows the mass of a pint of air 


To HI Ri MI Mni Ki n 

Air BtUTOtmdB us it can be felt when winds arc blowang or by 
waving a hand through it. 

The bubbles which rise when nn empty bottle is placed m water 
consist of air escaping from the bottle 

The mass of air can be found by weighing a tightly stoppered 
lioltle first full of ajr and then vvalh the ajr sucked out 
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Exercise XIX 

1 What reasons have v,e for saying there is air all around us? 

2 Name some of the results caused by the mo\ements of the air 
round us. 

3 How u ould you show that a so called empty bottle really con 
tains air ? Give a drawng 

4. In what waj can air be shown to ha\ e mass ? 


LESSON XX 

THE PRESSURE OF THE AIR. 

PRACTICAL WORK 

Things required — NaiTOw glass tube or pipette. Leathern 
sucker Flask fitted with tube as in Fig 51 (the stoppered 
flask used in the e\-penment to determine the mass of air 
wall do) Penny squirt or glass syringe Cylinder or tumbler 
with ground glass edge Piece of card large enough to cover 
mouth of cylinder or tumbler Bellow'S 
What to do 

Dip a long tube — a pipette tvill do — into water Place 
your finger over the top and lift the tube out of the water 
Notice that the waiter docs not run out of the tube although 
the bottom is open (Fig 32) 

Moisten a leatlicm sucker, press it upon a flat stone, and 
notice that it can only be pulled off wath difficult) , owang 
to the atmosphere pressing upon its upper surface 

Fit a one-holed stopper into 1 flask of water Push a 
piece of glass tubing through the stopper Try to suck 
up the water (Fig 51) You cannot, unless you loosen the 
stopper so as to let the pressure of the air force the water 
up the tube 

Dip the open end of a glass syringe or squirt into a 
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tumbler of A\ater (Fig 52) , pull up the piston, observe that 
the Avater follow s it, owung to the pressure of the atmosphere 

upon the surface of the 
water in the tumbler 
Take a tumbler or 
cylinder A\ith ground 
edges and completely 
fill It AMth A\ater Place 
1 piece of card or stout 
Avntmg paper across 
the top and inA'ert 
the vessel If the 
air has been carefully 
kept from entenng the 
tumbler, the Avater does not run out (Fig 53) Think 
Avhat keeps the paper in its place. 

Procure a pair of bellows Notice that the v’alve at the 
bottom only opens inwards Open the bellows, and 
observe that the valve is pushed up a 
little as the air enters (Fig 56) Close 
the bellows , the v'ahe is pushed down , 
and, as the air cannot escape any other 
way. It IS forced through the nozzle 

(Fig 57) 

Tie a piece of thin india-rubber, such 
as IS used in toy air-balls, over the 
mouth of a funnel Suck air from the 
funnel, and notice that the india-rubber 
IS forced inwards by the pressure of the 
outside air Place your finger over the 
open end of the funnel while the india- 
rubber is in this condition, and turn the funnel in differ- 
ent directions Notice that the india-rubber undergoes 
no change in shape, thus shovnug that the air pressure 
outside IS the same in different directions (Fig 54) 



Fig. 5* — ITiepres 
sure of the air forces 
water into the squirt 
uhen the piston is 
pulled up. 
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REASONS AND RESULTS 

Air exerts Pressure — er>’thing w hich has « eight can exert 
pressure. The pressure depends first of all upon u hat u e have 

learned to call the density of a 
thing For instance, if you 
carr}’^ a piece of iron upon 
\ our shoulder ) ou are pressed 
dowTi more than b} a piece oF 
wood of the same size. But 
the pressure also depends, of 
course, upon the amount of 
matenal }ou are bearing 
Thus, a sack of wool borne 
upon }our head would exert 
more pressure than an iron 
nail You wall be able to 
understand, then, that though 
the air is so light compared with other 
substances, a large quantity of it w ould 
be ver)' heavj' and would exert a verj^ 
great pressure 

Now, the air above us extends up- 
w ards from the surface of the earth for 
many miles , and in consequence of 
tins It presses x erj-^ heaxaly upon e\ ery- 
thing You wall sec in the next chapter 
how this pressure is measured, but 
there are many simple wiys which 
show that it IS reaL 

The reason why a leathern sucker 
IS difficult to pull off an object upon 5+ —The funnel at 4 

, ^ has a sheet of india rubber 

’Which It has been placed is that the tied m*er the top men air 
.T. . A. j r ii» sucked out of the funnel the 

air IS pressing’ upon the outside of the mdia rubber curves ini\'ards 

sucker but not upon the inside (Fig 55) ^Sie^r pre«ure 

When a liquid is drunk through a 

tube, the xesscl containing the liquid must be open to the 

air or else it cannot be obtained. You maj see that this is 

so b} examining a bab/s feeding bottle. If the stopper of 
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the bottle is screwed m tightly, and there is no open hole m 

It, the baby cannot get his food, howe%er hard he sucks 

Air presses in all Directions — The pressure of air is not only 

dowTiwards, but upwards and sideways , m fact, in all directions 

If the pressure were onl) exerted 

dowTiwards, then a sucker could be 

pulled off an object on which it is fixed 

b> turning the object upside down or 

sidewajs But jou know that vou 

cannot pull the sucker off any easier 

whatever wa> jou turn it 

The upward pressure of the air is 

shown by means of bellows As the 

top board is lifted up, the air forces 

up the %ahe at the bottom and enters 

the bellows (Fig 56) If there were 

no upward pressure, this of course 

could not happen ^ 

Why we do not feel the Weight of the Air above ns — Though 

our bodies are pressed upon by the whole weight of the air 

above us, we do not feel 

It ^Vhy IS this ? The 

lungs, which fill up a 

large part of our chest 

space, are filled out w ith 

air, and this air is in free 

communication with the 

atmosphere through our 

throat and mouth The 

result is that the air in Figs. 56 and 57 

the lungs presses them Mten the bellow-s arc being opened the t-ihe 
. , r in and lew m nir 

outwards from the in- atn, .1. n n v , j i, ■ 

Waien the bellows are icing closed the val\c is 
Side just as much as the pushed Jowai, and air is forced out of the noole 
or spout, 

atmosphere presses 

them inwards from the outside, and so we feel no incon 
tcinience. It is just as if two equally strong bo\s are pulling 
as hard as the\ can from opposite sides of a door Though 
they are both exerting all their strength, the door docs not 
move 
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To BE Remembered 

The pressure of air is due to its weight, and is shown by the use of a 
sucker as well os in other ways 

■When air la removed by suction, from the inside of a tube dipping 
into a liquid, the pressure of the air outside forces tlie liquid up the 
tube 

The reason why the pressure of air Is not felt is that it is equal 
in all directions around us as well as inside our bodies 

Exercise XX 

1 ^^Tnt IS meant by saying that air exerts pressure ? 

2 Why cannot a baby get his food from a feeding bottle, if the 
stopper contams no hole and is tightly screw ed down ? 

3 Why is It so difficult to pull off a leathern sucker from a damp 
stone? 

4 Exphm the action of a piair of bellows 

5 How does a squirt act? 

6 Would a squirt act if there were no air around it? Give reasons 
for your answ’Cr 


LESSON XXI 

BAROMETERS 
PRACTICAL WORK 

Things required— A barometer tube about 36 inches long 
Piece of glass tubing about 6 inches long, and the same wadth 
as the barometer tube Thick india-rubber tubing to connect 
barometer tube and short tube Board having tw'o lines, 28 
inches apart, drawn upon it, and a stnp of paper divided into 
tenths of inches, gummed to the top, as shown m Fig 58 
Mercur>^ Cup to hold mercury' 

What to do 

Tie a short piece of thick india-rubber tubing upon the 
open end of a barometer tube Tie the free end of the 
tubing to a glass tube about six inches long, open at both 
ends Rest the barometer tube with its closed end dowm- 
w ards, and pour mercurj’^ into it (being careful to remove 
all air bubbles) until the liquid reaches the short tube. 
Then fix the arrangement upright as in Fig 58 
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Tlie air pressing upon the surface of the mercurj' in the 
short open arm of the U tube balances a long column of 
mercurj' m the closed arm 



FiCx 58. — The prefi 
sure of the air on the 
mercury in the small 
tube IS able to keep 
up the column of mer 
cur> tn the long tube. 


REASONS AND RESULTS 

How the Pressure of the Air is measured — 
It IS verj' important that we should find a 
way of meosunng how much the air presses 
upon things on the earth’s surface The 
instrument shown m Fig 58 enables us to 
do this The top of the long tube is sealed 
so that tlie air cannot press upon the mer- 
curj' m It, but the small tube is open and 
the air can therefore press upon the mercury 
m It 

Balancing Columns of Air and Mercury — 
The instrument just mentioned is eiadently 
verj'much like the U-tubeused in Lesson XIV 
Now look at Fig 58, It IS clear that there 
IS a column of mercurj' supported by some 
means which is not at first plain If this 
were not so, the mercur)' would sink to the 
same level m the long and the short tubes, 
for liquids always find their own level If a 
hole w ere made m the closed end of the tube 
this w ould immediately happen There should 
be no difficulty, from what has been already 
said, in understanding that the column of mer- 
cury is kept in Its position b) the dowmward 
force of the weight of the atmosphere pressing 
upon the surface of the mercury' m the short 
open tube The weight of the column of 
mercury', and the weight of a column of the 
atmosphere of the same size through, or of 
the same area, is exactly the same Both the 


column of mercury and the column of air must be reckoned 


fiom the le\el of the mercury' in the short stem of the barometer 


showai m Fig 58 — the mercury column to the top m the long 
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tube , the air to its upper limit, uhich is at a great distance from 
the surface of the earth 

Air Pressure shown by a Barometer — The height must, in 
every case, be measured above the le\ el of the mercurj' in the 
tube or astern open to the atmosphere , just as, in the case 
of the U-tube in Lesson XIV , the heights of the liquid columns 
had to be measured from a fixed hne In the arrangement 
shown in the accompanjung illustration (Fig 58), a hne is drawm 
at a fixed point 0 , and the short tube is shifted up or down 
until the top of the mercur> in it is on a lei el wath the hne 

For an instrument of this kind to be accurate, great care has 
to be taken that no air enters the space at the top of the long 
tube If air does enter, it wall press upon the surface of the 
mercurj’ in the long tube, and the height of the mercury' w ill 
be less than thirtj' inches In such a case, instead of measunng 
the whole pressure of the atmosphere, what we should reallj 
be measunng w'ould be the difference between the pressure 
of the whole atmosphere and that of the air enclosed in the 
longer tube In a properly constructed barometer, therefore? 
there is nothing abo\c the mercuiy in the longer tube except 
a little mercuiy vapour 

An arrangement like that descnbed constitutes a barometer 
A barometer is an mstrument for measurmg the pressure 
exerted by the atmosphere. 

A Common Form of Barometer — ^You ha\e probably seen a 
barometer, or w'eather-glass as it is called, of the kind showm in 
59 In the inside of an instrument of this form there is a 
bent tube of exactly the same kind as has been descnbed in this 
lesson The only addition is a little w eight w hich rests upon the 
mercuiy m the small tube, and therefore mo\ es up and dow'n as 
the mercuiy nses and falls A cord attached to this float passes 
o\er a pulley connected with a hand w’hich can turn like the 
hand of a clock. VTien, therefore, the mercury' moves in the 
tube, the float moies up or down and the hand moies round 
Marked upon the dial of the instrument are numbers corre- 
spondmg to the number of inches in length of the long mercury 
column, measured from the le\ cl of the mercury' m the small 
open tube. The length of the mercury' column, or height of the 
baromder as it is termed, can thus be seen by noticing the 
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number on the dial to which the hand points The nay in 
which the instrument works can easily be understood by an 
examination of Fig 59 



Fig 59. — Front and back of a barometer or glass used to 

sbow ch^ges m the pressure of the mr, and therefore changes of 
\veathcr 


The short hand showm is useful for indicating how much the 
height of the barometer has changed It can be turned to 
point to any part of the dial Suppose it is turned to point to 
the same number as the large band on any day, then on 
looking again next day you could see how much the large hand 
of the barometer had moved from the place m ivhich it was the 
day before. 

To BE Remembered 

A liaxometer is an instrument for nieasunng the pressure of the air 
The principle of a harometer is that a column of mercury m a tube 
containing no air is balanced by the pressure of the atmosphere outside 
the tube. 
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Tbe height of the memny in a Tiarometer is, on the average, 
^ inches at sea-level The height changes slightly from da> to da\ 
on account of alterations in the pressure of the atmosphere. 


Exercise XXL 

I How is the pressure of the air measured ^ 

2. Describe fully and carefully how a barometer is made. 

3. !Mal e a drawing of a barometer and name its parts. 

4. If a hole were made in the top of a barometer what n ould happen? 

5. What IS a barometer, and 'tthat is it used to measiue? 


LESSON XXII 

WTJY THE HEIGHT OF THE BAROMETER ALTERS 
PRACTICAL WORK. 

Things required. — ^The barometers made m the last lesson. 

Another barometer tube, some mercurv, and a small basin. 

What to do 

Slip a piece of india-rubber tubing upon the open end 
of the barometer, and notice ubat happens uhen jou 
blow ngorously down it. Suck air out of the tube, and 
observe the result. 

Fib a barometer tube with mercurj , place jour thumb 
o\ er the open end , inv ert the tube , place the open end 
in a cup of mercurv, and take awaj jour thumb 

The mercury in the tube ■wall be seen to fall, so as to 
leave a space of a feu inches between it and the closed 
end Measure the distance between the top of the 
mercury column and the level of the mercury in the 
cup It wiH be found to be about thirty inches If a 
tube less than thirtv inches (76 centimetres) long is used, 
there is no space at the top Tilt the barometer tube, 
and notice that by and by the mercury^ fills tne tube. 
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REASONS AND RESULTS 

When the Height of the Mercury in a Barometer alters — 
If, for an) cause, the pressure upon the surface of the mercur) 
in the open tube increases, the mercur)' in the long tube Mill 
evidently nse If, howeier, the pressure becomes less, the 

mercuiM' column vail get 
shorter The effect of an 
increase of pressure can be 
shown b) blowing into the 
small tube, and the effect of 
a decrease of pressure b) 
suctong the air out of the 
small tube. 

When )ou blow down the 
short tube of the barometer, 
you are helping the atmos- 
phere to press upon the 
mercury , and the atmosphere 
and ) our breath both together 
press more, and the mercuiy 
IS pushed higher When you 
suck, )ou arc acting against 
the atmosphere, and there- 
fore reducing the pressure 
upon the mercury , so that, 
both together, there is not so 
much pressing done as when 
the atmosphere acts alorte , 
this IS why the mercury does 
not stand so high m the long 

Fig. 60. — The twbe is first filled with tube 
mercun* luid then placed with the open * r 

end in a cup of mercury A column of Another Form of Mercufy 

SfwSi. ^ Barometer —Instead of using 

a barometer of the U-tube 
form, a straight tube sealed at one end may be filled w ith mer- 
cury, and inverted in a small cup of mercur) , as shown m Fig 60 

A column of mercury wall then be supported m the tube 
by the pressure of the atmosphere The distance between 
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the top of the column and the surface of the mercury in the 
cup mil be about 30 inches, or 76 cm , nhen the tube is vertical, 
or in the position A in Fig 61 If the tube is inclined to the 

position B, so that the closed 

end of It IS less than this C ^ 


height above the mercury in 
the cup, the mercury' fills the 
tube completely, shomng that 
the space C above the mercurj', 
when the tube was in the posi- 
tion A, did not contain air 
It will be clear from this that 
if the tube were less than 30 
inches long, it would be en- 
tirely filled by the mercurj' 
On an average, the atmosphere 
at the sea-level will balance a 
column ot 



11 Fig 61 — The tilted glass tube is full of 

; mercury mercurj, but if It LS placed upnght m the 

inrlipe position A the mercury wll not fill it, and 
there Mill be nothing visible in the part C 

4| ^ in length 

No matter if the closed tube is 30 feet long, 
the top of the mercuiy' column wall only be 
about 30 inches above the level of the mer- 
„ cury m the cistern 

Weight of a Column of the Atmosphere. — 
^ If the tube had an area of exactly one square 

inch, there w'ould be 30 cubic inches of 
mercury in a column 30 inches long , and 
since the mass of a cubic inch of mercury 
IS about half a pound, the w'hole column 
w'ould have a mass of 15 lbs This column 
would balance a column of air of the same 
area, so that we find that the w'eight of a 
'' column of air upon an area of one square 
u&c extending upw’ards to the top of 

^b’.c'm'^hK.'s’J^bl^ atmosphere, is equal to the weight of 15 
, lbs w'hen the barometer stands at 30 inches 

Mercury is a Convenient Liqmd for Barometers —Mercury 


Fig. 62. — The mass of 
a cubic inch of mercury 
IS Jib , therefore, that of 
30 cubic inches is 15 lbs. 
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IS used for barometers for convenience Since the column of 
mercurj which the atmosphere is able to support is 30 inches 
high, it IS clear that if a lighter liquid is used, a longer column 
of it would be supported. For e\ample, water is 13^ (136) 
times as light as mcrcurj', therefore the column of water which 
could be supported would be 30x135=408 inchcs = 34 feet, 
which would not be a conienient length for a barometer T1 c 
length of the column of gljcennc which can be similarly sup 
ported is 27 feet But in die case of lighter liquids like these, 
an> small \anation in the weight of the atmosphere is accom- 
panied b> a much greater alteration in the level of the column 
of liquid, and, in consequence, it is possible to measure such 
\anations wath much greater accuracy For this reason baro- 
meters are sometimes made of gljcenne 

Pressure of the Atmosphere at Different Altitudes — Because 
the atmosphere has weight, the longer the column of it there is 
abo\e the barometer, the greater will be the weight of that 
column, and the more it wall press upon the mercury' m the 
barometer Hence, as we ascend through the atmosphere with 
a barometer, we reduce the amount of air above it pressing 
down upon it, and, m consequence, the column of mercurj’ the 
air IS able to support will be less and less as we ascend On 
the contran, if we can descend from any position, down 
the shaft of a mine, the mcrcur)' column w ill be pushed higher 
and higher as w c gradualK increase the length of the column of 
air abo\ c it Since the height of the column of mcrcurj i anes 
thus wath the position of tlie barometer, it is clear that the 
alteration in its readings supplies a ready means of telling the 
height of the place of obscr\~ition above the sea le\ cl, pronded 
we know the rate at which the height of the barometer \ anes 
wath an alteration in the altitude of the place. 

At a height of 3k miles from the sea-level, the mercurj' column 
only stands 15 inches high instead of thirtj inches, thus showing 
that b> nsing to that height half the atmosphere is left behind 
Tins docs not mc.an th:^.jhc atmosphere is onlj 7 miles high, 
for reall} there is air),t>„,^j ^^^rv thin or rarefied, at a height of 

too or 150 miles above Ji’s surface But the iir below 

a height of 3i miles ts s,, ^ denser than that aliov e this 

height, on account of its ' mpressed by the air above it. 
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that It produces the same effect as the much greater thickness 
of lighter air 

To BE REMEilBERED 

The pressure of the atmosphere at sea level is equal to a weight of 
15 lbs on every square inch The higher we nse above sea-level the 
less IS the pressure At a height of 3J miles, the mercury rolumn in a 
barometer stands at 15 inches instead of 30 mches The pressure is, 
therefore, equal to the v\ eight of yi lbs per square inch instead of the 
weight of IS lbs pier square mch 

Mercury is used for barometers because it is a v ery dense liquid, 
does not leave a mark upon the tube, and can easily be seen 

E\ercise XXII 

1 Why does the height of the mercury in a barometer change 
(a) From day to day , 

(^1 When the instrument is taken up a mountain or down a mme ? 

2 What would happen if you were to blow down the small open 
tulie of a barometer hke that described m the last lesson ? 

3 IVhat IS generally about the length of the column of mercury m a 
barometer? If the area of the bore of the barometer tube were one 
square inch, what would be the weight of the column of the mercury 
supported by the air ? 

4- Would a barometer made with water as the bquid have to be 
longer or shorter than a mercury liarometer? Give reasons for your 
answer 

5 If you took a barometer up a mountain, what effect would the 
change of level have upon the length of the mercury column? ^Vhy 
should there be any effect ? 
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LESSON XXIII 


EFFECTS OF HEAT 


PRACTICAL WORK 


Thing^s required. — An iron or brass rod about 6 inches long, 
fitting into a “gauge” cut out of brass, 
as shown in Fig 63 Spint lamp or 
laboratory burner Flat bar of iron 
about I foot long Tuo wooden blocks 
Heavy mass A straw about 9 inches 
long, fi\ed at right angles to a sewing 
needle by means of sealing wa\ 4 oz. 
flask fitted w ith stopper and glass tube 
Jug of hot water Air ball or paper 
bag Ice Porcelain dish or beaker 
Tnpod stand Iron spoon Wa\ (a 
piece of a wax candle wall do) or butter 



Fig 63 —The rod wnll 
fit into the gange CD uhen it 
IS cold, but It IS too large 
\s hen hot 


What to do 

Show^ that the metal rod just fits the gauge Then heat 
the rod bi a spirit lamp or laboratory burner Show that 
it wall not now go into the gaugu. 



Fig 64 — A flat bar of metal ba^*^ng one end kept from mo\ang b> a 

heaN*^ mass is heated, and the other end mo\es the pointer, because the 

bar gets longer 
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Place the hea%'y mass on one end of the iron bar resting 
upon one of the blocks, as m Fig 64, Let the other end 
bear upon the needle placed upon the other block and 
having the straw pointer fixed to it 
Heat the bar mth a flame, and notice 
that the pointer mo\es on account of 
the expansion of the iron 

Procure a 4 oz. flask and fit it mth 
a cork. Bore a hole through the cork 
and pass through it a long glass tube 
which fits tightly Fill the glass vith 
nater coloured mth red ink. Push the 
cork into the neck of the flask and so 
cause the coloured water to nse up m 
the tube (Fig 65) See that there is 
no air between the cork and the M'ater 
Now dip the flask in warm watei, and 
notice that the liquid gets larger and 
nses up the tube. Take the flask out 
of the w'arm water, and see that the 
coloured water gets smaller as it cools 
and that it sinks in the tube 

Select an air ball or a well-made 
paper bag and tightly tie a piece of 
tape round the open 
end Hold the ball 

or bag in front of the fire, and notice 
that the air inside gets larger and in- 
flates the bag Or, obtain the flask wnth 
a cork and tube, as in Fig 66 Remove 
the cork and tube, and, by suction, draw 
a little red ink into the end of the tube 
near the cork. Re-insert the cork and 




Fig 66. — ^t\Tienthe 
flasl. i<; u'aimed, the 
atr in It gets largennd 
pashes up the drop of 
liquid in the tubL 


gently w'arm the flask by clasping it in 
)Our hands Notice that the air in the 
flask gets larger and pushes the red 
ink along the tube 


Melt wax or butter in an iron spoon 

Procure a lump of ice, and notice that it has a particular 
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shape of its own, which, as long as the day is suffiaently 
cold, remains fixed 

With a sharp brad-awl, or the point of a knife, break the 
ice into pieces, and put a convenient quantity of them into 
a beaker Place the beaker in a warm room, or apply 
heat from a laboratory burner or spint lamp The ice 
disappears, and its place is taken by what we call wnter 
Notice the characters of the water It has no definite 
shape, for by tiltmg the beaker the water can be made to 
flow about 

Replace tlie beaker over the burner and go on warming 
it Soon the water boils, and is converted into vapour, 
which spreads itself throughout the air in the room and 
seems to disappear The vapour can only be made \asible 
by blowing cold air at it, when it becomes white and aasible, 
but is really no longer vapour, but has condensed into small 
drops of water, or, as it is sometimes called, “ water-dust ” 


REASONS AND RESULTS 

Effects of Heat — If we make a thing hotter and hotter, we 
are able to notice several changes in it These changes are of 
three kinds, w’hich w'e may call 

(1) Change of size , 

(2) Change of state , 

(3) Change of temperature. 

Change of Size. — As a rule, all bodies, whetlier solid, liquid, 
or gaseous, get laiger when heated and smaller when cooled 
The change of size which a body undergoes is spoken of as 
the .amount it expands or contracts , or heat is said to cause ex- 
pansion in the body This expansion is regarded in three ways 
When W'e are dealing wath solids, we find we obtain expansion 
in length or linear axpansion, expansion in area or superficial 
expansion, and expansion in volume or cubical expansion In 
the case of liquids and gases, we have only cubical expansion 
The same terms can be used wath reference to contraction 
The expansion which substances undergo when heated has 
pftqn to be takgp into account Railway lines, for instance, ar? 
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not placed close together, but a httle space is allowed between 
the ends of each lengdi of the rails, so that the rails can expand 
m summer wathout meeting Steam pipes used for heating 
rooms are also not firmly fixed to the walls at both ends, but 
left slightly loose or are loosely jointed, so that they can expand 
or contract without doing any damage For the same reason 
the ends of iron bndges are not fixed to the supports upon 
which they rest Iron tjaes are put on carnage wheels by first 
heating the tyire and, while it is hot, slipping it over the wheel 
As it cools it contracts and clasps the wheel very tightly 

Change of State — It has been explained m Lesson III that 
substances exist in three states, namely, solid, hquid, and 
gaseous By the action of heat a substance may be changed 
from one state to another. Wax, for instance, is usually a solid, 
but by heating it it becomes a hquid Butter can m the same 
way easily have its state altered from solid to liquid. Lead 
and zinc arc also melted when heated, but they require a hotter 
flame than wax or butter 

A good example of the changes of state produced by heat is 
obtained by heating a piece of ice imtil it becomes wnter, and 
then heating the water until it passes off into steam or water 
vapour Here the same form of matter is by heat made to 
assume three states , in other w ords, ice, water, and steam are 
the same form of matter m the solid, hqmd, and gaseous state 
respective!} 

Change of state includes changes in the physical condition 
known as liquefaction or becoming liquid, and vaponsation or 
becoming converted into vapour Thus, if we heat ice it first 
liquefies or becomes water, and is then vaponsed or becomes 
steam 

Change of Temperature. — Change of temperature is only 
another ivay of sapng that the body gets hotter and hotter 

If the body is made colder and colder the same changes 
occur, but in the reverse order We must learn more about 
each of these changes 

Measurement of Change of Temperature. — The change of size 
whicli takes place when a thing is heated gives us a good way’ 
of measuring tlie change of temperature which it undergoes 
Think of the e.xpenment with the coloured water in the flask 
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mth a long tube attached to it Supposing we notice that the 
coloured iiatcr in the tube nses through a certain number of 
inches after the iiater has been heated somewhat, and that 
we then place the flask into some other hquid or some moic 
water, and find the -water rises up the tube to just the same 
place, w'e shall have everj'nght to say that the second liquid 
is exactly as hot as the first was This is measunng its tem- 
perature The flask and tube with the water ha\e become a 
“ temperature measurer, ’ or, as we always say, a thermometer 

To HE Remembered 

Effects of Heat — (i) Change of s«e, shown by expansion and con 
traction of solids, liquids, and gases when heated or cooled 

(2) Change of state, as when ice is converted into water, and vrater 
into vapour or gas bj heat 

(3) Change of temperature, which means the condition of bodies as 
regards heat, a hot body being at a higher temperature than a cold one. 

Expansion means mcrease of size 

Contraction means decrease of size 

Vaporisation means the change of a liquid into a state of vapour 

Liquefaction means the change of a solid into the liquid state 

Exercise XXIII 

1 Write down the effects which can be noticed when a thing is 
made hotter and hotter 

2 Descnbe expenments which prove that thmgs alter m size when 
heated 

3 MTiat changes do ) ou observ'e when a piece of ice is placed in a 
glass vessel and heated over a flame? 

4 How w ould } ou show that a bar of iron gets longer w hen it is 
heated ? 

5 How would jou show that liquids expand when heated ? 

6 Descnbe an e-xpenment which proves that air expands when 
heated 
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LESSON XXIV 


THERMOMETERS 
PRACTICAL WORK. 

Things required —Three basins, containing hot, luke-Avarm, 
and cold water Flask fitted with stopper and tube (Fig 68) 


THEWATER FEELS 
COLDTOTHIS HAND 


THEWATER FEELS 
HOTTOTHISJtAND 




r/- 


HOT WATER 

Fic 67 — The sense of feeling cannot be depended upon to tell the 
temperature of anything 

Empty thermometer tube, ivith bulb Small cup of mercury 
Spmt lamp or laboratorj’ burner Beaker Flask 
What to do 

Arrange three basins in a ron (Fig 
67) , into the first put water as hot as 
the hand can bear, into the second put 
l uke-\\ ar m uater, and fill the third 
u ith cold u-ater Place the nght hand 
into the cold water and the left into 
the hot, and after half a minute put 
both quicklj into the luke-warm water 
The left hand feels cold and the nght 
hand uarm nhile m the same 
w'ater 

Place the flask of w ater, mth fitted 
tube, used in the last lesson, m hot 
uater (Fig 68), and notice the height 
of the liquid in the tube Transfer it to 
cold water, and obsene that the liquid in the tube sinks 



Fig. 68 -— When the 
flash IS put Into %\Tinn 
u*nter the liquid in it nses 
irf the tuhe. 
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Procure an emptv thermometer lube, vnth a bulb at one 
end (If a blow-pipe is a^ ail iblc, a bulb can easilv be blou n 

upon one end of the tube b\ 
melting the glass in the flame, 
and blowing dowai the open 
end while the other end is 
molten ) Heat the bulb, and 
while It IS liot dip the open 
end in mcrcur) As tlie bulb 
cools, mcrcur} wall nsc in 
the tube to take the place of 
thcair dn\en out b} the heat 


Fin. C9. — After hcitinK the bulb -is 
shown, the open end of the tube 1$ 
pheed tn mercurj, wliicli rushes in 
nnd fills the bulb and tube. 

Repeat the operat'on until the mcrcur) 
fills the bulb and part of the stem 
Place 111 hot water the bulb of the 
instrument just constructed, and make 
a mark at the let cl of the mcrcun m 
the tube Now place the instrument 
in cold water, and notice that the 
mcrcur) sinks m the tube. The 
mcrcur) is thus seen to expand when 
heated and contract when cooled, and 
if the glass w ere marked the degree of 
hotness or coldness could be showai by 
the position of the top of the mcrcur) 

Examine the thermometer supplied 
Notice that it is similar to the simple Fic 70.— Sealed tubes 
instrument alread) desenbed, but the 
top IS sealed up, and divisions or gradu- ^ 

ations are marked upon it, so that the 
height of the mercury m the tube can be easil) seen 
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REASONS AND RESULTS 

Feeling of Heat and Cold — Some people feel cold at the 
same time that others feel warm For instance, when a native 
of India, or any other hot part of the earth, comes to England he 
feels cold m ordinary weather, while an Eskimo who is here 
at the same time finds the weather warm You can imagine 
an Indian and an Eskimo meeting an Englishman The 
former says, “ It is cold to-day,” and the latter says, “ It is 
hot to-day,” while the Englishman thinks tlie weather is neither 
cold nor hot, but moderate You can therefore easily under- 
stand that the sense of feeling cannot be depended upon to 
tell us accurately whether the air or any substance is hot or 
cold Some instrument is needed which does not depend 
upon feeling and cannot be deceived in the way that our 
senses can Such an instrument is called a thermometer 
How Expansion may mdicate Temperature — You have already 
learned that substances usually expand when heated and con- 
tract when cooled A flask filled wth water, for instance, and 
having a stopper through which a glass tube passes, can be used 
to show the expansion produced by heat and the contraction by 
cold But this flask and tube make but a very rough tem- 
perature measurer The water does not get larger to the same 
amount for evelr equal addition of heat Neither is it very 
sensitive, that is to say, it does not show ver)' small increases 
in the degree of hotness or coldness, or, as w e must now learn 
to say. It does not record very small differences of temperature, 
and for a thermometer to be any good it must do this Then, 
too, as everj'one knows, if we make water very cold it becomes 
ice, which, being larger than the -water from which it is made, 
would crack the tube. For many reasons, therefore, w'ater is 
not a good thing to use in a thermometer 

Choice of Things to be used m a Thermometer 
I IVe ivaiit a iJnns; ivJuch expands a gtcat deal for a small 
inaeasc of temperature 

Gases expand most, and solids least, for a given increase of 
temperature. Liquids occupy a middle place. The most delicate 
thermometers are therefore those wdiere a gas, such as air, is the 
thing that axpands But in common thermometers a liquid. 
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either quicksilver or spints of vvnne, is used Both these things 
e\pand u fair 'imount for a given increase of temperature, and to 
make this amount of expansion as great as possible they are used 
m fine threads by making them expand in a tube with a very 
fine bore. 

2 JVc ivant a Itqtnd which docs not change into a solid unless 
cooled very much, nor into a gas unhss heated very much 

We cannot be sure of both these things in the same thermo- 
meter A\Tien v\ e want to use our thermometer for measunng 
great degrees of cold we use one containing spirits of vvme, be- 
cause this liquid has to be cooled a v erj^ great deal before it is 
solidified, that is made into a solid But we cannot use this 
thermometer for an> great degree of temperature, because it 
changes into a vapour when heated to onlj a comparatively 
small extent If we wash to measure higher temperatures we 
use a quicksilver or mercur) thermorrieter, because mercury 
can be warmed a good deal, or, as it is better to say, raised 
to a high temperature, without being changed into a gas 

3 JVe must have our liquid in a fine tube of equal boi e with a 
comparatively large bulb at the end 

We all know that liquids hav'e to be contained in some sort of 
vessel or else we cannot keep them together We know, too, that 
w e milst have a fine bore, so that the liquid may appear to expand 
very much for a small change of temperature The bore must 
be equal all the way along, that is the width or diameter of the 
inside of the tube must be the same all the way along, so that a 
giv'en amount of expansion in anv' part of the tube shall mean 
the same change of temperature, and, lastly, there must be a 
large bulb, so that there is a large surface to take the same 
temperature as that of the body the temperature of which w e 
wash to measure. 

The Marks on a Thermometer — ^We will suppose an instru- 
ment has been made according to the rules just desenbed 
Before it is of any use it must hav'e divisions marked upon it, or 
be g^duated Sometimes these divisions are marked upon the 
glass of the thermometer, and sometimes upon the wood or 
other matenal to which the glass is fixed. 

By graduating a thermometer we mean obtaining' marks upon 
It to which we can give numbers, so that we can refer to the hot- 
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ness or coldness, that is, the temperature of any substance, 
b> means of these numbers or degrees on our thermometer 
If IV hen a thermometer is plunged into 
vrater it makes the mercuiy'^ thread rise 
up to the number 30 on the thermometer, 
we say the w-ater had a temperature of 
thirty' degrees, which we should wnte thus, 

30° We shall learn in the next lesson how 
these marks are obtained in different kinds 
of thermometers 

To BE Remembered 

•me sense of feelii^ does not tell us accuratelj 
how hot or cold a substance is 

A thermometer is an instrument for measunng 
the degree of temperature of a substance. 

The Uqtdd in a thermometer should (i) expand 

a great deal for a small mcrease of temperature, nire dmsions marked 
, , , , , , upon the stem. 

(2) not easil) change into a solid or gaseous 

state, (3) be in a tube of equal bore having a comparalivelj large 

bulb at one end 

Exercise XXW 

I What IS a thermometer, and what is it used to measure ? 

2. If you were going to make a thermometer, which liquid should you 

use, and why? • 

3. What kind of tube would you select in making a thermometer, and 
why ? 

4 How would you get mercury into a narrow glass tube having a 
bulb at one end ’ 

5 Descnbe a simple instrument used to measure temperature. 

6 MTiat IS the use of a thermometer’ 

7 ^^^ly IS It not accurate to judge temperature by the sense of feelipg? 
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LESSON XXV 


GRADUATION OF THERMOMETERS 
POINTS 


FIXED 


PRACTICAL WORK. 


Things required — Beaker Flask. Test-tube fitted with 
stopper and exit tube, in Fig 72 Ice Salt Unmounted 
thermometers, wth Centigrade and Fahrenheit graduations 
What to do 

Take some pieces of clean ice in a beaker or test-tube 
and plunge a thermometer amongst them Notice the 
reading of the thermometer , it a ill be either no degrees 
(0°) or very near iL* Warm the beaker or test-tube, and 
obsene that as long as there is any ice unmelted the 

reading of the thermometer re- 
mains the same. 

Repeat the experiment with 
some other pieces of ice, and 

f — observe the important fact that 

- temperatuie of clean melting 

ice is the same in all ) our tests 
Add salt to the melting ice, 
and notice that the mercury in- 
dicates a lower degree of tem- 
perature. 

Boil some distilled i\ ater m a 
flask, test-tube, or beaker, and 
^ plunge a thermometer in the 

boiling nater Notice the tern- 


Fig 73 — The\\nter in the test 
tube 15 boiling Steam i> coming 
out of the tube, and the thenno' 
meter is being heated b> it. 


tube u boihnff Steam i-, coming perature. Raise the themometer 


out oi tnc luoc, nna me tnermo' 

meter IS being heated bj It. Until tflC DUlD IS JUSt OUt of tllC 

water and only warmed h} the 
steam Again record the temperatura In both cases 

* K CenUgrade thermometer is supposed to be used. If a Fahrenheit 
thennome'er fs used the reading wall be 32° 
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the reading is the same. It is either one hundred degrees 
(100°), or very near it, if you use a thermometer with 
Centigrade divisions 

Repeat the expenment with a second lot of pure watei, 
and note that the temperature of boiling water is again 100° 

Add salt to the v'ater Hold a thermometer in the steam 
of the boiling water, and notice that the temperature is 
the same as before, namely 100° Push the thermometer 
into the water, and notice that a higher degree of tem- 
perature is indicated 

Again place the thermometer m clean ice m a test-tube 
or flask. Gently heat the vessel, and notice the following 
changes 

(1) The mercury remains at 0° until the ice is all melted 

(2) When the ice is melted, the mercury nses gradu- 

ally until It reaches 100“ 

(3) The mercury remains stationary at 100° until all 

the water is boiled aw-ay 

Arrange three basins of cold, luke-warm, and hot w'ater 
side by side. Place the thermometer m the cold water 
and then in the luke-warm rvater N otice the temperature 
indicated in the luke-w'arm water Now place the ther- 
mometer m the hot w’ater, and when it has been there a 
minute or two put it into the luke-warm water Notice 
that the temperature indicated is practically the same as 
before It is thus seen that, unlike our sense of feeling, 
a thermometer is not deceived by being made hot or cold 
before using it to indicate temperature 

Notice the temperature of the room indicated by the 
thermometer 

Place the thermometer m your mouth, and notice the 
temperature indicated by it at the moment it is removed 


REASONS AND RESULTS 

The Fixed Points on a Thermometer — It has been proved 
by numerous expenments that the mercury, or other liquid, m 
a thermometer ahvays indicates the same temperature when 
placed in ice which is just melting This temperature, then,' 
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IS fixed, and proMdes us wth a fixed point from uhich the 
divisions upon a thermometer can commence 

A second fixed temperature, or fixed point, is the temperature 
of the steam of boiling ivater The steam of boiling vater 
ahiays has the same temperature when the vater is boiling, 
and the height of the barometer is 30 inches It is important 
to remember that this temperature depends upon the pressure 
of the atmosphere, though >ou maj not >et understand vh) 
this is the case It is sufficient for the present to know that 
the temperature of the steam of boiling water is a fixed tem- 
perature, and proiides the second fixed point upon a ther- 
mometer 

How the Numbers on a Thermometer are arranged — It has 
now been explained how tw'o fixed marks, or points, are obtained 
upon a thermometer The place where the mark near to the 
bulb must be made is found b) putting the thermometer into 
melting ice The mark nearer the other end is got by plunging 
the thermometer into the steam from boiling water Any 
numbers could be giien to these marks But so that e\er>one 
shall understand the readings of the temperatures of different 
things. It IS best to make the numbering according to an agreed 
plan 

Centigrade Thermometers — In scientific work the ther- 
mometer used is called the Centigrade thermometer This 
name refers to the way m which the fixed points are spoken of 
and the distance between these marks duaded The plan in 
thermometers like these is to call the temperature at which 
ice melts, no deuces Cenltgradc (w ntten 0° C ), and the tempera- 
ture at which water boils, one Iiundicd degrees Centigiade 
(wntten 100° C ) The space between the fixed points is then 
divided into one hundred equal parts, and each division called 
a Centigrade degree 

Fahrenheit Thermometers — Thermometers in this countrv 
are generally divided in a different fashion, and so that we 
may know exactly w'hat their readings mean, we must learn 
how the numbers on them are got The mark obtained by 
putting the thermometer into melting ice is called iJuriy-two 
degrees Fahrenheit (wTitten 32° F ), and the mark found by plung- 
ing It into the steam from boiling water, two hundred and tivelve 
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degrees FahretiJieit (212° F) The space between these fixed 
points IS divided into one hundred and eighty (180) parts The 
illustration (Fig 73) shows a thermometer 
having Fahrenheit divisions on one side and 
Centigrade divisions on the other, so that the 
two scales can be compared 

More Remarks on the Boilmg Pomt of 
Water — ^We have up to the present pur- 
posely said very little about an important 
fact which must be taken into account when 
marking the boiling pomt of water upon the 
thermometer Before water or any other 
liquid can boil when heated in a vessel ex- 
posed to the air, it must give off v'apour 
which presses upw'ards strongly enough to 
overcome the pressure of the atmosphere But 
as we have learned, the air presses dowm at 
one time more than at another, and more in 
a valley than up a mountairu Consequent!}, 
we shall have to heat a liquid more when 
the atmosphere presses dowm very' much 
than when it is not so heavy, in order to 
make it boiL Water boils at the temperature 
mentioned m our lesson only when the mer- 
cuiy- in a barometer is standing 30 inches 
high If the barometer show s a higher reading 
than this, vv ater wall boil at a higher tempera- 
ture than 100° C , and if the reading is less, the 
waterwnll boil at a temperature less than 100° C 



the thermometer are 
Fahrenheit degrees 
of temperature, and 
those on the ngnt arc 
Centigrade degrees. 


To BE Remembered 

The fized points on a thermometer are (i) the 
temperature at which ice melts or water freezes, 

(2) the temperature of the steam issuing from boilmg water when the 
barometer stands at 30 inches 

Two common kinds of thermometers are (i) the Centigrade and 
(2) the Fahrenheit thermometers, the different graduations being 

Centigrade. Fahrenheiu 

Boding point, 100° 212° 

Freezmg point, 0° 32° 
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E\ercisf X\V 

1 \Vliat mirks do you find on n thermometer, nnd liott are they 
obtained ? 

2 \Vhat do you mean by a “fixed jxiint” on i thermometer? How 
many ire there? 

3 Explain how the numlicrs on i thermometer are obtained Wnte 
down the temperature it winch ice melts, and tint at which water 
boils 

4 Some salt water is boiled Wint tempcriture will i tlicrmomctcr, 
placed in the steam gieen olT, register? Will there be any’ difiercnce 
in the reading if the thermometer is placed m the liquid ? 

5 \^’^lat do y'ou know about tlic temperature of a mixture of ice 
ind salt? 


LESSON XXVI 

SOLUBLE AND INSOI UBLE SOLIDS 
PRACTICAL WORK 

Things required — Sugar Salt Washing-soda Fhsks or 
tumblers with water in them Spoon Sand Camphor 
Shellac Spirits of wine Flowers of sulphur Carbon bi- 
sulphide. 

What to do 

Place a piece of sugar in water , note that it soon dis- 
appears and gn cs a sweet taste to the whole of the water, 
so that in some w.ay the sugar must have spread thioughout 
the w ater 

Repeat the experiment with salt, and similarly notice 
that the salt can be recognised everyathere in the w'ater 
by Its taste. 

Add sand to water and stir it up with the water Let 
the water stand for a short time, and notice thaP the sand 
sinks to the bottom 

Stir up camphor with water Notice that the camphor 
does not disappear , it is insoluble in water Shake up a 
small lump of camphor with some spirits of wine m a small 
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bottle It gradually disappears just like sugar does in 
water 

Shake up flowers of sulphur rnth carbon bisulphide, and 
notice that it disappears Be careful to keep the stopper 
in the bottle of carbon bisulphide, and do not bnng the 
bottle near a light 

(Fold a piece of clean white blotting paper or a filter 
pape^in the manner already explained (Fig 8) Insert 
the folded paper into a glass funnel and place the funnelj 
into a flask 

Make some muddy water by stimng mud into a tumbler 
of water, or by putting powdered charcoal into it The mud 
or charcoal remains suspended in the water for a long time 



Fig. 74 How to pour writer into a paper filter in a glass funnel 

(Pour the muddy water carefully on to the filter paper in 
the funnel^ in the manner showai in Fig 74, and observe 
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tint the uater which drops through is quite clear The 
mud IS left on the paper 

J Similarly, filter a solution of sugar or salt, and obsene 
that the solution is unaltered by passing through the paper 


REASONS AND RESUITS 

What Soluble and Solution mean. — ^\Vhen you put sugar 
into a cup of tea and stir it, you know that the sugar disappears 
How would you find out whether sugar had been put m a cup of 
tea or not ? By tasting the tea Ever>' child know s that sugar 
gives a sweet taste to tea, water, or milk If salt is added 
instead of sugar, a salt taste is given to the tea, milk, or water 
Whenever a substance disappears m a liquid in this way, and 
jet can be recognised by suitable means eierywhere m the 
liquid, It IS said to dissohe or to form a solution Those 
substances which disappear m this way are said to be soluble. 
Many things besides salt and sugar are soluble in water For 
instance, washing-soda, bQfjix, and nitre (saltpetre) easily^^ 
dissolve, or are soluble in water Manj other things, on the 
contrary, will not dissoh e in water, and these are spoken of as 
insoluble substances 

Substances insoluble in Water — Among manj substances 
insoluble in water are sand, gravel, coal, camphor, and sulphui 
If you try to dissolve sand, camphor, and sulphur in succession 
in ivater, j ou wall find that they do not disappear , hence they 
are insoluble. 

But though camphor wall not dissolve in water, yet it dis- 
appears when skaken up in spirits of wane We consequent!} 
say that camphor is soluble in spints of wane, or that we can 
make a solution of camphor in spints of wane Another sub- 
stance which wall dissolve in spints of wane and not m water is 
shellac In fact, some of the varnish which is used for our 
furniture consists of shellac dissoh ed m spints of wane Again, 
if powdered sulphur is shaken up wath the bad-smelling liquid 
called carbon bisulphide it dissoh es Though sulphur wall not 
dissolve m water, and to only a small e.\tent m alcohol, it forms 
a solution ^e^}' easily m carbon bisulphide. 
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Substances held m Suspension in Water — Substances uhicb 
are insoluble in water mil, if thej are ier>* finely powdered and 
stirred up mth some -water, often take a i er^ long time to settle. 
Or, as It IS more commonlj expressed, such fine particles remain 
suspended in the water for a long time The lighter the par- 
ticles are, of course, the longer time it takes for them to settle 
down and for the water to become clear If on a rainy day 
you take a glassful of muddv water from the gutter, and then 
place It on one side, you wall be able to watcS*^e particles 
settling down Those substances which, like the mud, are 
spread throughout the water without being dissobed m it are 
said to be held m suspension The rate at which these sus- 
pended particles settle down on the bottom of the tumbler or 
other -vessel to form a sediment depends upon their density 
Light particles take a long time, heaiw particles onlj a short 
time to sink. 

We get nd of Suspended Substances by Filtering — It is easw 
to separate suspended impurities from water The process by! 
which this IS done is called filtration, or filtering Manj sub-j 
stances are used through which to filter water containing 
particles in suspension Chemists most commonly use paper 
which has not been glazed As you have learnt, such paper is 
porous The holes through it are large enough to let water| 
pass, but not large enough to let the suspended substances’ 
through In consequence, these particles are left on the paper] 
in the funnel, and the water which trickles through is quite! 
clear It must be carefull> remembered, however, that it is' 
impossible to get nd of substances in solution b> filtenng the 
liquid Dissolved matenal passes through the holes in the^ 
paper wnth the liquid in which it is held m solution 

Other substances besides unglazed paper are sometimes used! 
in filtenng Thus the water supply of a towm is often filtered! 
through beds of sand Household filters are made wnth pieces! 
of charcoal for the water to tnckle through, and in some others! 
a particular kind of porous iron or porcelain is employed ! 
Even filter requires to be cleaned ffequentlj, or it gets c logge d I 
vnth impunties from the water which has filtered through it | 



io6 ELEMENTARY PHYSICS AND CHEMISTRY 


" To DF Remfmbered 

*• Solution IS the process by which some substances, when placed in 
water or other liquids, disappear, and their particles spread through 
the entire mass of tlie liquid. 

• A substance Is said to be soluble in a liquid when it disappears 
in the liquid and forms a solution Examples sugar, salt, and soda 
are soluble in water 

«. A substance Is said to be Insoluble in a hquid when it wull not 
dissolve in the liquid. Examples sand, graiel, camphor, sulphur 
are insoluble in water 

Substances which will not dissolve In water will often dissolve 
in other hqmds. Examples camphor and shellac ore soluble in spints 
of ivine , sulphur is soluble m carbon bisulphide 

Insoluble substances may be spread throughout water or held In 
suspension. Suspended impunties can be got nd of by filtering 

Exercise XXVI 

1 What do jou mean b} a soluble thing? Gi\e examples. 

2 Explain how you would proceed to make a solubon of table salt 

3 Gne a list of as many things as you can which will dissolve in 
spints of wnnc and not in xvater 

4 How would jou obtam clear water from muddy water? 

5 IVhat do you mean by substances being held in suspension m 
water ? 

6 What land of impunties cannot be got nd of by filtration ? 

7 Explain the terms — soluble, insoluble, filtration, and “held in 
suspension ” 



SOLUBLE LIQUIDS AND GASES 


107 


I 


LESSON XXVI L 


SOLUBLE LIQUIDS AND GASES 
PRACTICAL WORK. 

Things required. — .Alcohol, oh\e oil, mercurj', ether Bottle 
of soda-\\ater or other aerated water Taper Test-tubes 
What to do 

Pour some w ater into a bottle and then some alcohol,^ 
and shake them up together Obsene that the alcohol 
disappears in the w’ater or dissolves in it 

The same evpenraent can be performed ■mth oil of 
ntnol Great care must be taken to pour a small quantity 
of the tntnol into w ater and not \i ater into 
the acid. The aad is dissohed m the 
water 

Shake up together some olue oil and 
w'ater, and allow the mixture to stand for 
a short time. Notice that the liquids 
separate into tw o laj ers, the lighter being 
on the top Which is the lighter? 

Repeat the e-xpenment wnth quicksih er 
and W'ater, and if possible wath ether and 
water 

Examine a bottle of soda-water Notice 
that It appears clear and bright, and seems a’ 
to hai e nothing dissoh ed m it. Uncork, 
or otherwnse open iL Bubbles of gas 
escape CFig 75) A lighted taper held to the mouth 
of the bottle has its flame put out b\ the gas which is 
giien off 

^ Ordinary Tnethvlated spintwall not do, as it forms a niDkiness nth water 
If pure alcohol cannot be ohlained whisl-} or brand} nU do 
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REASONS AND RESULTS 

Solution of one Liquid in another — The commonest cases of 
solution are when solid substances arc dissolved in liquids In 
addition to this, manj liquids wll dissolve in other liquids 
Alcohol and oil of vitnol are examples of liquids which dissolve 
in nater When a hquid dissolves in xvater, like alcohol and 
oil of vitriol do, we say, in ordinary language, that the two 
liquids mix This is only another w'ay of saying that they form 
a solution In the one case, we have a solution of alcohol in 
water , in the other, a solution of sulphunc acid in w ater There 
is still another w^ay of speaking about these cases It is verj' 
common to say that we have diluted the acid with water or the 
alcohol with water 

Liqmds insoluble m one another — If, however, oil, water, and 
mercury, for example, are shaken up together, and then left 

to stand for a time, they will 
be found to separate from one 
another and he in different layers 
— the mercury at the bottom, oil at 
the top, and water between the tw o 
(Fig 76) Here, then, we have 
examples of liquids which do not 
dissolve in one another or do not 
mix. Oil does not dissolve or form 
a solution with water, neither does 
mercury 'WTiile some other liquids, 
like ether, dissolve to a small extent 
only m water Or, we can say, oil 
and wmter will not mix, quicksilver 
and water will not mix, but ether 
and water partly mix 

How to separate Liquids which do not mix. — Since liquids 
which do not mix will, if allow'ed to stand, separate from one 
another, and arrange themselves in layers with the densest 
liquid at the bottom and the least dense on the top, it is 
easy to separate them All we have to do is to very gently 
tilt the vessel containing them and pour off the top layer 
This plan is called decanting Or, we could pour the 
liquids into a funnel supplied with a stop cock at the bottom, 



Fig 76. — The liquids in the bottle 
do not mix, and if undisturbed they 
separate into layers— the densest at 
the bottom and the lightest at the 
top 
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as shown in Fig 77, and allow the liquids to arrange them- 
selves in It Then by turning the stop-cock gently ise could 
allow the liquids to run out, one 
after the other, into different 
vessels , the low est first, then 
the next, and so on until all the 
liquids have been drained out 
Some Gases dissolve in Liquids 
— \\nien a bottle of lemonade, 
ginger-beer, or soda-water is 
opened, a lot of bubbles of gas 
nse out of it The gas has 
endently been dissolved in the 
liquid This is onlj one of manj 
instances of gases which w ill dis 
solve in liquids There is a large 
amount of this gas, Vhich e\- Fig 77 -a funnel wth a tap, for 
tinguishes a flame, dissolved in 
soda-water The dnnk is called 

“soda-water” because the gas dissolved in the water can be 
made from washing-soda When you get to know more of the 
science of chemistry, you vvnll learn of many other gases which 
wall dissolve in water The liquid sold by chemists as liquid 
ammonia is a solution of ammonia gas m water 

Importance of An- dissolved m Water — Rain in falling through 
the air dissolves some of it in its passage to the earth The air 
which thus becomes dissolved m the water serves a very im- 
portant purpose. Both animals and plants must hav^e air to 
breathe As you know vcrj’^well some animals and plants live 
in water, and these, like those living on land, require air to 
breathe These water plants and animals depend upon the air 
which IS dissolved in the water \\Tien water is boiled, the dis- 
solved air which it contains is driven out of it by the heat If a 
goldfish were taken out of its bowl and placed in some water 
which had been boiled and allowed to cool out of contact with 
the air, it w ould die because there would be no air in the w ater 
for It to breathe 
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To BE Remembered 

Some liquids mix or dissoKe other liquids. Examples alcohol 
(ivhisky or brandy) dissohes in -water, so docs vinegar 

Some Uqnlds do not mix, or are insoluble, in one another E\ 
amples oil, water, and mercury 

Some gases dissolve In liquids Examples the gas in soda water, 
and ammonia gas in the so called liquid ammonia 

The air dissolved In waterns necessary for the life of water animals 
and plants 

Exercise XXVII 

1 What IS really meant when we say two liquids will not mix? 

2 Give instances of (i) liquids which mix, (2) liquids which do 
not mix 

3 Will gases dissolve in water? Give reasons for )our answer 

4 llovv do water animals, like fishes, manage to breathe? 

5 What would jou notice if you were td shake (i) some ink and 
water together, (2) some oil and water? 


LESSON XXVIII 

THERE IS NO LOSS DURING SOLUTION 
EVAPORATION 

PRACTICAL WORK 

Things required — Salt. Warm water Balance and box of 
weights Flasks Evaporating basin Sand-bath or water- 
bath Tripod stand Laboratory burner or spint lamp 
What to do 

Put some warm wmter m a flask, and some salt m a piece 
paper Counterpoise the flask of w'ater and the paper 
of salt together, and then dissolve the salt m the w'ater 
The total mass remains unaltered (Fig 78) 

Find the mass of a flask of water Now weigh several 
lumps of loaf sugar, and put this known mass of sugar 
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into the water When the sugar has all' dissolved, 
weigh again Notice that the flask and solution of sugar 
together have a mass exactly as much as the flask of water 
and sugar added together 



Dissolve some salt in water, as m previous expenments, 
and place the solution so formed in an evaporating basin, 
and gradually warm 
the basin on a piece 
of ivire gauze, or 
o\ er a sand-bath 
(F'g 79)> until the 
solution boils (In- 
stead of placing the 
evaporating basin 
in hot sand, it can 
be heated by the 
steam nsing from 
boiling water, as 
in Fig So) 

Allow the ivater 

to slowly boil awav burner The rmer is drying 

^ ^ * J up or evaporating 

Wlien all the v atcr 

has been changed into steam, the salt wjll be found left 
behind in the basin 

Repeat the experiment in the follomng manner Weigh 
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out 1 certain mass of salt m an evaporating basin, tind 
dissolve it in water Heat gentl} as before Note that by 
and by a white solid remains in the 
basin Again weigh By weigh 
mg It, we can show' that its mass 
is equal to the mass of the basin 
and salt before solution, and it 
IS easy to prove that the solid left 
IS still salt 

REASONS AND RESULTS 

Substances do not lose m Mass 

Fig So -Tho shoii<™ basm h« ^hen dissolved.— men a substance 
water in it aad « kept hot bj the simplv dissolves in a liquid, and 

glass beaker SO disappears from sight, It almost 

seems as if it is lost altogether But 
this IS not the case There is no loss whateter If a cup 
I of tea and a few lumps of sugar are weighed separate!), 
(and then the sugar is put into the tea, their total mass is 
I the same as the mass of the tea with the sugar dissolved in 
It It IS \er)' important to remember that there is no change 
of mass when a substance dissolves in water Though sugar, 
for example, when dissolved m tea or water, disappears from 
sight. It IS still in the tea or water as sugar, and we shall see 
later that it can be obtained from the w'ater by proper means 
The same fact is true of salt and other soluble solids 
Evaporation — If a saucer of water is left for a few days, the 
water disappears, or, as is generally said, dries up The water can 
be made to disappear more quickly b) gently heating it When 
a solution containing salt or sugar is made to dn up in this wav', 
the salt or sugar does not disappear, but remains m the saucer 
The name giv'en to this process of turning a liquid into a 
vapour is evaporation The solid left behind is spoken of as 
a residue Because we can recov'er the solid again b) evapora- 
tion, and because there is no change of mass when solution 
takes place, we say that solution is only a physical change 
bait IS not changed into a new substance with new properties 
when it IS dissolved in water When a new substance w'lth 
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new properties is formed by bnngiiig two substances together,/ 
i\e have what is called a chemical change In our later lessons 
we shall have several instances of chemical changes 

A Practical Apphcation of Evaporation — In some countnes 
where salt does not occur as a mineral as it does in England, 

It IS obtained from sea-water Sea-water contains a large^ 
quantity of common salt dissolved in it The sea- water isi 
exposed to the heat of the sun’s rays in shallow' vessels and] 
IS consequently slowly evaporated But only pure water passesj 
off in the form of a vapour The common salt and other, 
substances in solution in the sea-water are left behind on the 
floor of the shallow vessel, and can be scraped off and collected, 
for use. 

In salt-mining, both solution and evaporation are sometimes 1 
made use of Instead of bnnging the salt to the surface m i 
lumps, the plan adopted is to flood the mine wnth water, and 
leave it m the mine for a sufficient length of time for the w’ater j 
to dissolve as much of the salt as it can The solution thus ; 
formed is then pumped to the surface, and evaporated, when 
the salt IS obtained m the same way as in our experiment ' 


To BE Remembered 

Matter is not lost when a substance is dissolved A solid and 
liquid when separate have the same mass as when the solid is dissolved 
in the liquid 

Mass of Solid + Mass of Solvent=Mass of Solution 

Evaporation is the process of slowly changing a liquid into a vapour 
by heat 

Bissolved substances can be recovered by evaporaling the liquid con 
taming them 


Exercise XWIII 

1 How would }ou prove that there is no loss of mass during solution? 

2 How would you obtain the salt from a solution of the salt in 
water ? 

3 What do you know about evaporation? 

4 Describe some practical applications of the processes of soIuUon 
and evaporaUon 


H 
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LESSON XXIX 

SATURATED SOLUTIONS 
PRACTICAL WORK 

Things required — ^Alum and nitre Flasks Sand-bath. 
Laboratory burner or spint lamp Tripod stand 

What to do 

, Procure a supply of alum or nitre and powder it Put 
some of the pow'dered solid into a flask and add water 
Shake them up together for some time, and if all the 
powder dissolves add more and shake again Continue 
this addition of the powder and the shaking until some 
pow'der remains undissohed, how'ever much it is shaken 
You will thus make a cold saturated solution, that is, a 
solution containing as much of the solid as it wall hold 
Now warm the cold saturated solution The powder 
which before remained at the bottom of the flask dissolves 
Continue to add more alum or nitie, and notice that a 
great deal must be added before > ou obtain a hot saturated 
solution 

Place the hot saturated solution on one side to cool As 
cooling proceeds, some of the alum or nitre separates out 
in clear, well-formed crj'stals, because as the solution cools 
It cannot dissolve as much alum as before 

REASONS AND RESULTS 

Saturated Solutions — WTien any given amount of water has 
dissolved as much of a solid as it can be made to, without 
warming or assisting it in any other way, it is said to be saturated 
But though cold water, for instance, may be saturated with 
any particular solid, such as sugar, it can, if we warm it, be 
made to dissolve more sugar Though there are some e\cep- 
tions. It can be regarded as the general rule, that w'ater and 
other liquids wall dissolve more of a solid when they are 
warm than when they are cold In some cases the amount 



SATURATED SOLUTIONS 


”5 


of solid -which dissolve goes on increasing as the water 
IS made warmer and warmer In general, therefore, the cooler 
the water the less will it dissolve of a solid Now suppose 
warm water is given as much sugar, salt, alum, or any substance 
of this kind as it mil hold, and is then cooled, ivhat w ould you 
expect to happen ? It has to give up some of the substance, 
for It cannot hold as much as when it was w-arm You may 
have noficed that w'hen your tea has been very sweet, some 
of the sugar is left on the bottom of the cup when the tea 
cools This IS because, though the tea w^as able to dissohe 
a certain amount of sugar when hot, it could not hold so much 
when cold, and therefore a little of it was deposited upon the 
bottom of the cup 

Water as a Solvent — Water dissolves more solids than any 
other liquid which is knowm This makes it very useful to 
chemists and otheis Water is such a good solvent that it is 
impossible to find pure water anywhere in nature, that is, in 
any stream or lake which we may find in any country As 
you have learnt, ivatei will not only dissolve solids, but liquids 
and gases as well As soon as rain is formed from a cloud 
It begins to dissolve some of the gases of the atmosphere, and 
no sooner has it reached the earth than it dissolves all sorts 
of tilings out of the ground Of those substances m the soil 
and rocks w'hich are very soluble it dissolves a great deal, 
while of the insoluble things it dissolves either verj' little, or 
scarcely anything at all, for you must bear in mind that ver)' 
few' things are actually quite insoluble. 

The purest water which can be 
got in nature is that collected in a 
vessel, after it has been raining some 
time, before the rain has reached the 
ground In countnes where the rocks 
are verj' hard and insoluble, and are —The “fur mside 

, , , , . a kettle consists of solids once 

covered by nothing in the W'ay of soil, dL^solved m water, and left 

the water which is collected is always 
very pure compared wnth ordinar>' 

w'ater That many substances are dissolved m ordinary w'ater 
you can see for yourselves if you mil examine the inside of the 
kettle at home There you wall find a crust formed by the 
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substances which \sere dissohed m the nater, and have been 
left behind as the water c\aporated or boiled away 

To nr RPMFMnFRFn 

A Boluldon iB saturated with a substance when it contains ns much 
of thil substance as it will hold at the tctn|x;ralurt of the solution 

The effect of Increase of tomporature on saturuion is usuallj to 
increase the amount of a substance which can be held in solution 
The solubilitj of a substance usuallj decreases as tlie tempemlurc is 
low cred 

Water dissolves most substances, but in different degrees Salt 
IS more soluble in water than sugar, and sugar is more soluble than 
chalk 

E\frcisf \\I\ 

1 What IS a saturated solution? Dcscnlx: how to make one 

2 Wiich will dissoKc more sugar, warm or cold water? What 
IS the general rule alwut the eflcct of an increase of temperature on 
the dissolving power of water? 

3 What do )ou know alxiut water ns a solvent? 

4 Desenbe fullj what happens if )ou graduallj cool a hot saturated 
solution of alum 


LESSON XXX 

SOLUBILITY OF THINGS IN ACIDS 
rRACTJCAL WORK 

V 

Things required — Copper turnings, g ranula ted anc, pieces 
marble N^nc, sulphuric, and hydrochloric TOds Test- 
bes Evaporating basin, sand-bath, tnpod stand, and labora- 
rj' burner or spirit lamp 
What to do 

Take a few small piecSs of copper , observe their colour, 
and put them into a test-tube and shake up in water 
They wall not dissolve Now boil the water, and notice 
the copper is still insoluble. 
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Throw aw'ay the water, and substitute some fairly strong 
nitnc acid (Use the acid with great cate, as it is very 
destructive to clothing, and burns the skin ) 

Observe that the copper rapidly dissolves, and eventually 
disappears Reddish-brown fumes are given off m large 
quantities When breathed, these finnes are distressing 
and injurious The liquid changes m colour At first, 
ovnng to the solution of some of the reddish-browm gas 
in the liquid, it appears green, but when more water is 
added, the liquid is seen to be of a beautiful blue colour 

Evaporate some of the blue solution formed in the last 
expenment in an evaporating basin WTien it is nearly 
dry,^ remove the basin from the source of heat, and set it 
on one side Carefully notice the blue solid which is 
left behind It is quite unlike the copper 

Take some pieces of zinc, and, as in the case of the 
copper, notice their colour, and prove that they are in- 
soluble in water 

Now pour a little dilute oil of vitnol (sulphuric acid) on 
them m a test-tube, and notice what happens The zmc 
rapidly dissolves Bubbles of gas 
are given off The solution feels 
very warm Hold your forefinger 
over the mouth of the tube for a 
minute, and then, after removing 
your finger, bnng a lighted taper 
to the tube. There is a slight ex- 
^ plosion, and the gas which comes 
off bums (Caution — hold the tube 
with the top pointing away from 

yottt face) — Diluteoilof\ninoI 

After the zinc has all dissolved, and of nnc ^ m the 
. , , , , tube. A gas is produced and 

pour off some of the clear liquid, kept m bj means of the finger 

and, as before, evaporate it to dry- tub^ Ae’^''fin|er « 
ness in an evaporating basin A shg^t er^lo^ 

white solid ns^left behind 

Procure a lump of marble, and break it into small frag- 

ilt IS not wnse to etaporate to complete drjness, as the substance 
which is left behind is easily decomposed by heat 
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mcnts Obsene that it is \er) hard Prove that it wall 
dissolve neither in cold nor hot water 

Pour a few drops of strong murntic acid (hydroclilonc 
acid) into the water, and observe the effervescing, or fizzing, 
which immediately begins Large quantities of gas arc 
given off, and the marble gradually dissolves Place a 
lighted match at the mouth of the test-tube in w’hich the 
evpenment is performed The flame is put out or ex- 
tinguished 

When all the marble has dissolved, evaporate some of 
tlie clear liquid left, and examine the white solid which 
remains It is not marble because it is so soft Place 
the basin on one side for a lime, and observe that this 
white solid takes water out of the air and becomes wet 
Notice that marble docs not do this 

REASONS AND RESULTS 

Solution of Another Kind — In all the instances of solution 
which we have studied before this lesson, there has never 
been a permanent change in the properties of the soluble 
substance, nor has there been an) change in mass when the 
thing has dissolved But these conditions arc not always so, 
as we have now to Icam ^^^le^ copper is acted upon by 
moderatcl) strong nitnc acid m a test-tube or otlier glass 
vessel, It rapidly dissolves, and by and b) disappears At the 
same time large quantities of reddish-brown fumes arc given 
off These fumes arc very unpleasant to breathe, and, what is 
more, the) arc ver) injurious, and should not be allowed to 
escape into a room m any quantit) As the copper dissolves, 
the acid changes colour, and soon appears quite green But 
this IS not the natural colour of the liquid formed as the copper 
dissolves It IS really blue, and appears green because some of 
the fumes get dissolved If you add some water to the green 
liquid, the blue colour becomes vmry' easil)’' seen If some of 
this blue solution is slowl) evapointed in a basin, vou obtain a 
blue residue which is not a bit like the copper you started wath 
This Kind of Solution is a Chemical Change, — This example 
of solution is evidently of quite a different kind from that of 



SOLUBILITY OF THINGS IN ACIDS 


119 


tlie solution of salt or sugar in water When sugar is dissolved 
in water, there is no gas given off, and there is no change in 
coloui, and, most important of all, we can recover the sugar by 
evaporating the water The change which occurs when the 
nitnc acid is poured on the copper is a chemical change, and it 
IS so called because it results in tlie formation of new' substances 
wnth quite new' properties Coppei and nitnc acid aic not 
at all like the nasty smelling red fumes and the blue solid left 
in the basin 

Another Instance of the Solution of a Metal where Chemical 
Change occurs — Though pieces of zinc will not dissolve 
in water, yet if you place them in dilute sulphunc acid they 
dissolve verj' quickly, and bubbles of a gas w'hich w'lll bum 
are given off After the zinc has all dissohed, a colourless 
solution IS obtained , and if some of it is evaporated m a basin, a 
w'hite residue is left behind w’hich is m no way like tlie zinc 
we started ivith This, too, is a chemical change, and, as before, 
It IS so called, because the solution results m the formation of a 
new' substance with new' properties 

Here, using another metal — for copper and zinc are both 
metals — and another acid, you again have a chemical change 
taking place w'hen solution occurs You know it is a chemical 
change, because the gas which comes off, and bums w'hen 
a lighted taper is put to it, and the white solid left in the 
basin are not at all like the zinc and the acid wuth w'hich you 
started 

Other Substances besides Metals will dissolve in Acids — 
Metals are not the only things w'hich wnll dissolve m acids 
Though marble, like copper and zinc, is insoluble m water, it 
W'lll dissolve m some acids, for instance munatic or hydrochloric 
acid This is another example of solution The acid is the 
solvent and the marble the soluble substance And this 
solution also has been accompanied by a chemical change, 
because the white soft solid which becomes w'et m the air, and 
the gas which is given off and puts out a flame, are quite 
unlike the hard marble and the liquid acid 
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To BF Remembered 

Certain Metals dissolve In Adds — In this case the process is accom 
panied by the formabon of new substances m ith neiv properties It is 
therefore an example of a chemical change 

In this ^va^ copper dissohes in nitnc acid, and zinc in dilute 
sulphunc acid 

Other substances besides metals Mill dissohe in acids The solution 
of marble in hydrochlonc acid is an example This is also an instance 
of a chemical change 

Exercise XXX 

1 Descnbe the appearance of copper and zinc 

2 Hom would }ou pro\e that copper is insoluble in water? 

3 Descnbe fully what takes place when moderatel) dilute mtnc 
acid IS floured upon copper 

4 MTiat do you know about tlie gas which is giien off when dilute 
sulphunc acid is poured upon zinc ? 

5 How would }ou show that a new substance is formed when 
hydrochlonc acid dissohes marble? 


LESSON XXXI 

CHANGES OF MASS WHEN CHEMICAL ACTION 
ACCOMPANIES SOLUTION 

PRACTICAL WORK 

Things required. — As in the last lesson, with balance and 
box of weights 
What to do 

Repeat the expenments with copper and nitnc acid 
descnbed in the last lesson , but before adding the acid 
determine the mass of the copper used Eiaporate to 
drjmess the whole of the coloured liquid obtained by dis- 
sohnng the copper in an evaporating basin, the mass of 
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which has been determined by previous weighing When 
the basin is cool, weigh again, and, allowing for the mass 
of the basin, obsen'e that the mass of the blue lesidue 
IS greater than that of the copper taken 

Similarly repeat the expenment with the zinc and dilute 
sulphunc acid In the same w-ay show' that the mass 
of the w'hite residue obtained is greater than that of the 
zinc with which the expenment w'as started 

Repeat the expenment with marble and hydrochlonc 
acid Show that the mass of the w’hite residue left in 
the basin is greater than that of the marble acted upon 
by the acid 

[A few hours before the next lesson a w'arm saturated 
solution of alum should be made and put by to cool The 
reason for this will be seen on p 124.] 

REASONS AND RESULTS 

Changes in Mass when a Chemical Change accompanies 
Solution — You have already learnt that one of the reasons 
for saving that a physical change occurs when a solid is dis- 
solved in w'ater, is because there is no change of mass But 
whenever a chemical change takes place at the same time as 
the solid dissolves in a liquid, as m all the expenments we 
have had in this lesson, there is a most decided change of 
mass This is a very important difference betw'een physical 
and chemical changes, and it is verj' necessarj' that you should 
thoroughly understand it 

The Case of Copper and Nitnc Aad — If a piece of copper, 
the mass of which has been found by w’eighing to be one gram, 
IS dissolved m moderately dilute nitnc acid, and then the w'hole 
of the blue solution obtained is evaporated verj' carefully, so 
that none of it is lost, the mass of the blue residue left behind 
wall be found as nearly as possible three grams It is quite 
clear that all this cannot be copper Indeed its appearance is 
quite enough to tell you that it is not copper But it contains 
copper, and when you have learnt more about chemistr)' you 
wall know the wav in which the copper can be obtained from 
It YTiat has reallv happened is that the copper has combined 
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or united uith -i part of the acid to form a new substance. 
The blue residue is made up of the copper you started Midi 
and a part of the acid as well This e\plains ivhy the mass 
of the residue is greater than that of the copper alone 

The Case of Zinc and Sulphuric Acid — The expenment 
Math zinc and sulphunc acid teaches just the same important 
lesson If a piece of zinc, the mass of Mhich is one gram, be 
completely dissohed in dilute sulphunc acid, and the Mhole of 
die solution tlius obtained be evaporated to drjncss, and the 
mass of the residue determined, it is found that just about 
tMo and a half grams of the Mhitc solid ha\e been obtained 
In this case, too, the metal combines or unites Mith a part of 
the acid to form the nea substance left behind in the basin 
B) proper means it Mould be easy to again obtain the zinc from 
the Mhite residue. 

The Case of Marble and Hydrochlonc Aad. — What jou 
have nOM’ learnt about those changes m mass M'hon metals arc 
dissolved in acids is also true when things which arc not metals 
are dissolved in acids Marble is not a metal, but it easily 
dissolves in acids, for instance, hjdrochlonc acid If, as before, 
one giam of marble is dissolved in as much hjdrochlonc 
acid as is necessar)', and the whole of the solution is evaporated 
in a basin, it is found by weighing that the mass of the white 
residue left behind in the basin is more than one gram, but 
not so much more as m the case of the copper or the zinc The 
mass of the white residue left behind when the solution 
obtained by dissolving the marble in hjdrochlonc acid is 
evaporated is about one and one-tenth grams (i^^j grams) 

The Total Mass is unaltered. — Returning to the consideration 
of the solution of copper m nitnc acid, and taking other things 
into account, there are more facts to be learnt from iL If, m 
addition to ascertaining the mass of tlie copper by weighing, 
that of the nitnc acid is also found, and these two masses are 
added together, a certain mass is obtained Now, chemists 
discovered a long time ago that the total mass obtained in this 
way IS the same as is got by adding together the masses of the 
blue residue left in the basin, all the gas which is given off, 
and all the steam which escapes when the blue solution is 
ev aporated. 
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These facts can be put do^vn m the form of addition sums as 
below 

Examples of Chemical Changf 


Before 

Mass of Copper 1 

Itlass of Nitnc Acid J 

H 

AfUr 

[' Mass of Blue Residue 

Mass of the g^as given off 
[ Mass of Steam 

Total Mass 

IS equal to Total Mass 

Mass of Zinc 1 

Mass of Sulphunc Aad J 

L J 
1 1 

f Mass of White Residue 
, Mass of Gas w hich bums 
[ Mass of Steam 

Total Mass 

IS equal to Toi AL Mass 

> 

Mass of Marble 

Mass of Hydrochlonc Acid 


f Mass of WTiite Residue 

Mass of Gas which puts out flame 
[ Mass of Steam 

Total Mass 

IS equal to Total Mass 


To BE Remembered 

When chemical action accompanies solution, changes m mass 
occur Thus, the blue residue in jour experiment ueighs more than 
the copper, and the white residue more than the zinc, when these 
metals are dissoUed m acids 

The total mass of the new substances obtained i\hen a chemical 
change takes place is the same as that of those onginallj taken Thus, 
if the masses of the copper and nitnc acid be added together, the same 
result IS obtained as by adding tlie masses of the blue residue, the 
gas given off, and the steam 

Exercise XXXI 

1 Will the blue residue obtained bj evaporating a solution of copper 
in nitnc aad have the same mass as that of the copper? Give reasons 
for your answer 

2 1\Tiat amount of white residue can be got bj dissolvnng one gram 
of zinc in dilute sulphunc acid and evaporating the solution obtained? 
^Vhy IS its mass greater than that of the zinc ? 

3 What changes in mass do jou know of which occur when marble 
IS dissolv ed in hydrochlonc acid ? 

4 How would j’ou show that there is no loss in the total mass when 
a chemical change occurs ? 
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LESSON XXXII 
CRYSTALS AND CRYSTALLISATION 
PRACTICAL WORK 

Things required — Crystals of washing-soda, sugar candy, 
borax, rock-crj stal, blue \ilnol, rock-salt, and alum Dasks 
Sand-bath Laborator)' burner Tnpod stand Blotting paper 
Test-tubes 
What to do 

Examine as man> crsstals as >ou can and draw them 
Write down the number of faces each has 

Make a warm saturated solution of alum as described 
m Lesson XXIX While it is still hot shut the mouth of 
the flask with a cork, or cover it with a piece of suitably 
folded paper, and set it on one side to cool After a few 
hours, crystals of alum will be found to have separated out. 

Wlien the solution of alum, described m the last ev- 
penment, has become quite cold, and the crj'stals there 
referred to ha\e separated out, carefully pour off the liquid 
from the crystals, and allow these to genth slide on to a 
piece of clean white blotting paper Shake them on the 
blotting paper, and, if possible, dr)' them ivithout handling 
Now take a small crystal and heat it gently m a clean, 
dry' test-tube. Notice that it melts and gives off steam 
which condenses on the sides of tlie tube near the top 
in the form of w ater YTicn cold, the alum is seen to ha^ e 
lost its sliape 

Heat a cry-stal of blue ratnol in a test-tube, and show' 
that the shape and colour are lost as the water is dnren 
out of the cry'stal It regains its blue colour if water is 
dropped upon the powdery lump 

Inspect some clear crystals of soda (sodium carbonate), 
and also some which have been exposed to the air and 
become white and powdery 
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REASONS AND RESULTS 


Crystals — When substances are found m lumps ha\nng a 


regular shape, which is always the 
same for the same kind of thing, 
It is said to be found in crystals, 
or to be crystalline. Generally the 
shapes which crystals have are well- 
knowTi forms in geometry Thus 
some cr}'stals are knoim u hich are 
perfect cubes (Fig 88), such as 
crystals of rock-salt, fluorspar, iron 
pyntes Sometimes the crystal has 
eight sides, like the solid Icnown as 
the octahedron (Fig 85) The 
diamond is sometimes found having 
this shape. Rock-crystal has gene- 
rally si\ sides, and a si\-sided pjTci- 
mid at one or both ends (Fig 84) 
When you get on farther with your 
study of science, you wall learn that 
ciy'stals can all be divided into six 
classes, every member of each class 



or family having something about n^o^nco^ulUnelllb^^cl’ \fZ. 

Its shape the same “ photograph bj jir H e 

Hadlej ) 



Fig 84 — Group of rock-crystals From a Report of the U S National 
Mu*ieanu 
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How Crystals can be made. — Warm ^vater uhen saturated 

with any soluble substance, 
as }ou learnt m a prewous 
lesson, often contains more 
of the solid dissolved than 
an equal quantity of a cold 
saturated solution The con- 
sequence of this is, tliat if 
you allow a warm saturated 
solution to get cold, the water 
can no longer keep all the 
substance in solution, and it 
separates out in the solid 
state, ^^hlch, under these cir- 
cumstances, always takes a 
cry’stalhne character The 
cry'stals of alum, formed in this way, generally ha\e eight 
sides, or the shape of the crystal is the same as the solid 
called the octahedron, shown in Fig 85 But in some cir- 
cumstances the crystals only have si\ sides, or are cubes 
Some Crystals contain Water — By heating a crystal of alum 
or blue vitriol in a clean dry test tube, it is easy to show' that 
they both contain water This water is given off in the form of 
steam, which condenses into drops of w'ater on the cold upper 
part of the tube There are many' other cry'Stals besides those 
of alum and blue Mtnol which also contain water This water, 
which IS contained in some crystals, is known as water of 
crystallisation. It is necessary for these cry'stals to have this 
water in them to form the regular shape of which you have 
learnt If the water of crystallisation is got nd of they become 
powdery Some coloured cry'stals not only lose their shape 
but also their colour when the water of crv'stalhsation is driven 
out Other cry'stals again, if simply exposed to the air, lose 
this water and become powdery' Such crystals arc said to 
be efflorescent, and crystals of soda are a good example 
(Figs 86 and 87) Other substances do just the opposite thing 
and take up more w'ater from the air, becoming v'cry moist 
These are called deliquescent The white residue obtained by 
evajjorating the solution formed when marble is dissolved in 
hydrochlonc aad is a deliquescent substance 
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To BE Remembered 

CryBtals are naturally formed lumps of certain substances ha\ung a 
regular shape, which is alwaj-s the same for the same kmd of thing 

Rock-salt and some other substances form ciy'stals which are perfect 
cubes The diamond crystals have the shape of the octahedroiL 

Crystals can he made bj allowing a warm saturated solution to cool 

■Water of crystaUisation is the water contained in some ciystals 
It has somethmg to do with their shape and sometimes with their colour 

Efflorescent crystals easilj' give up their water of ciy'stalhsation to 
the air 

Deliquescent substances readily take up moisture and become w et. 

Exercise XXXII 

1 Name six crystallme sohds 

2 Give the name of a crystal which has six sides, and one vvhich 
has eight sides Make a drawing of each kind 

3 If you were given some powdered alum, explain how you would 
proceed to make a crystal of alum 

4- How would you show that crystals of alum contain water? l^Tiat 
IS the water called? 

5 IVhat do you mean by an efflorescent ciystal? Name one 

6 What happens to a crystal of blue vitnol if it is heated m a 
test tube? 

7 Wnte down all you know about a crystal of i-ock salt. Draw' 
such a crystaL 
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LESSON XXXIII 

CRYSTALS AND CRYSTALLISATION— Continued 
PRACTICAL WORK 

Things required. — Crj’stals of washing soda, sugar candy, 
borax, rock-crystal, blue vitnol, rock-salt, and alum Flasks 

Sand-bath Laboratory 
burner Tnpod stand 
Blotting paper Magnify- 
ing glass Evaporating 
basin Sulphur Iron 
spoon Test-tubes 

What to do 

Eiaporate a solu- 
tion of common salt 
by gently heating it, 
and, when the basin is 
dr)’, examine a little 
of the residue. Care- 
ful inspection W’lll discoier small cubes, the shape of some 
of w’hich can be recognised by the unaided e)e Tbs 
cubical shape of the 
others can be easily 
made out under a 
magnif)’ing glass 
Heat some of the 
dry pow'der in a test- 
tube. Notice the 
crackling and the 
absence of w'ater on 
the side of the tube 
Make a hot satur- 
ated solution of soda, 
lust as you did in the 
case of the alum in 



Fig 87 — The same group of crystals as in 
Fig 86 which ha\o effloresced after exposure 
to the air for a short time. Notice the chanced 
appearance. (From a photograph b\ Mr 
H E. Hadlej ) 



Fig. 86.— a group of fresh crystals of 
washing soda Notice hop clear the crystals 
are. (From a photograph bj Mr H E 
Hadley ) 
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Lesson XXIX Put the solution, when you have made 
quite sure that it ivill dissolve no more, on one side to 
cool Large clear crystals will be formed 
Make a similar saturated solution of soda, and having 
poiwed some into an evaporating basin, float the latter on 
cold water m a bucket so that it shall cool more rapidly. 
Observe that the crystals formed are much smaller than in 
the last experiment 

Take one of the large, clear crystals previously obtained, 
and dry it on clean, white blotting paper, and heat it in a 
tube, if necessary breaking the crystal to get it in Observe 
the steam given off, the water which collects, and also 
the white powder left behind 

Melt some powdered sulphur in an iron spoon or cup, and 
then allow it to cool slowly When a sohd crust has been 
formed over the top, make two or three holes in it, and poui 
off the remaining liquid sulphur When the sulphui is cool, 
examine the inside of the spoon or cup, and notice the fine 
needle-hke crystals of sulphur (Fig 89) 

Having melted some sulphur as in the last experiment, 
pour the hquid sulphur into some cold water Examine the 
product formed, and observe it has still a crystalline 
appearance , the crystals are so small that mdividual 
crystals cannot be distinguished 

REASONS AND RESULTS, 

Crystals of Common Salt — Salt 
crystallises in six-sided sohds, 
or cubes (Fig 88) When the 
crystallisation is brought about by 
evaporating a solution of salt, the 
crystals are very small Some 
natural crystals, known as rock- 
salt, are however of quite a large 
size. There is no water of crystal- 
lisation in crystals of common salt, 
and when they are heated no steam ^iv^ded crystal 

_ of common salt (From a photo- 

ts given off The crackling which etaph by Mr H E Hadley ) 

I 
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IS noticed when crj'stals of salt are heated m a tube is spoken of 
as decrepitation, and is due to the breaking-up of the crystal 
into fragments 

Crystalhsabon of Soda — Soda, as it is called in ordinary 
language, or sodium carbonate, as it is knowm to the chemist, 
IS a common substance, both in the crystalline condition or in 
the form of white powder, as the carbonate of soda, which is 



^“Needle shaped crystals of sulphur (From a photograph by 
Mr H E. Hodlc} ) 

used for various purposes in our houses The difference 
beti^een the white powder which is perhaps best knotvn, and 
the crystalline form, is the water of crj'stallisation which the 
crystals contain. We can easily obtain crystals if we have a 
supply of the powder, by making a warm saturated solution of 
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the powder and allowing it gradually to cool, for then large 
crystals wiU separate out 

If, however, the warm saturated solution is cooled quickly, by 
plaang the vessel containing it into cold water, the crystals 
rapidly separate, but are of much smaller size This difference 
IS true of most saturated solutions , indeed, whenever crystals 
are formed by cooling, we may expect them to be of a large size 
only when the cooling takes place slowly , if heat is given up 
rapidly the crystals formed are always small 

Some Crystals can be made m Another Way — Other crystals 
besides those of common salt have no water in them Many of 
these can be made m another way One kind of sulphur 
crystals is a good example When some powdered sulphur 
(milk of sulphur) is melted in a large iron spoon, or ladle, over 
a gas flame, and the melted sulphur is allowed to cool slowly, 
a solid crust is gradually formed on the top If, as soon as 
this happens, two or three holes are made m the crust and the 
remaining, still liquid, sulphur is poured off, it will be found on 
examining the inside of the ladle that fine needle-like crystals of 
sulphur have been left behind These, like all crystals, have 
smooth flat sides and sharp straight edges 

In this case, too, there is a difference when the melted sulphur 
cools very rapidly The quick cooling can be conveniently 
brought about by pouring the melted sulphur into cold water 
If this IS done, the crystals formed are so small that individual 
examples cannot be distinguished, though the solid sulphur is 
seen to have a crystalline appearance. 


To BE Remembered 

CiyBtals of common, salt have the form of cubes 
Decrepitation is the crackhng sound produced by the breaking up 
into fragments of waterless crystals 

Soda crystals can be obtained from ordmary washing-soda by making 
a saturated solution of the powder and allowing it to cool 
Two examples of waterless ciystals are common salt and sulphur 
Sulpbnr crystals can be obtained by melting sulphur and pounng 
out the liquid sulphur from the intenor after a crust has been 
formed 
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Exercise XXXI IL 

1 What differences would } on obseneif you heated salt crj-stals and 
cij-stals of soda in different test-tubes ? 

2 Explain how you would make some ciystals of sulphur 

3 Descnbe hou to make soda crvstals from powdered carbonate of 
soda. 

4 How does a crystal of salt differ in shape from a crystal of soda? 

5 Explain hou to obtain a crystal which has no rvater m it 

6 Why IS steam giien off when crystals of soda are heated, but not 
when crystals of sulphur are heated ? 
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LESSON XXXIV 
GRAPHIC REPRESENTATION 
PRACTICAL WORK. 

Things required — Squared paper, or chequer drawing book 
such as IS used for Kindergarten drawang Ruler and pencil 
What to do ' 

Draw in pencil, upon chequer or squared paper, or upon 
Fig 90, hnes to represent the densities of the substances 
named m this figure. The line to represent the density of 
water, that is, i, is already draiim Starting from the up- 
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Fic 90 — Copj this fipure -uid draw lines upon j-our sketch to repre 
sent the numbers given in the table of densities. 


right line at the end of each name, draw a honzontal hne 
for each substance, making the hnes of the lengths given 
in the folloiving table 


Table of Densities 


Marble, 

- 2 f 

Silver, 

loj 

Diamond, 

3 h 

Lead, - 

ii^ 

Iron, - 

7 i 

Gold, - 

19 

Copper, 

8 S 

Platinum, 

22 


Find the number of boys present m the class on the last 
twenty times the register of attendance has been marked 

1 Before doing these exercises it is advnsable to read through the lesson. 
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Wnte dowTi the numbers You should now plot these 
upon the squared paper m Fig 91 The numbers at the 
feet of the upnght hnes refer to the daj's of the register, 
and the numbers at the ends of the horizontal lines refer 
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Fig gi — A sheet upon uhich the attendances of pupils at different 
tunes can be plotted 


to the number of boys present If 15 uere present at the 
first time selected, put a dot at the number 15 upon the 
first upnght line, if 31 were present at the second time, put 
a dot on the same leiel as 21, upon the second upnght 
line , and so on for all the twenty times the register was 
marked. 
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Upon Fig 92 and Fig 93, or on a sheet of squared paper 
marked in the same way, represent the following readings 
of a certain barometer and thermometer in the month of 


March 


Date. 

Barometer 

Inches. 

Thermometer 
Fahrenheit Degrees. 

March i, 

29 5 . 

43 7 

2 , 

29 7, 

39 S 

3 . 

28 7, 

- - 386 

4 , 

29 3 . 

42 8 

5 . 

29 2, 

42 7 

6, 

29 6, 

39 I 

7 , 

299, 

36 7 

8, 

300. 

40 8 

9, 

30 ■0. 

41 4. 

10, 

299, 

45 I 

It. 

30 0, 

46 2 

12, 

29 s, 

43 4 

To do this for the readings of the barometer, look at the 

left-hand side of the squared paper for the corresponding 



DAYS OF THE MONTH 

Fig go * — A sheet upon which the nsc and fall of the mercury in a 
barometer can be sho^vTi 


height of the barometer, and, when you have found it, make 
a dot at that particular height upon the line corresponding 
to the day of the month Repeat the operation for e\ery 
day, and connect consccutue dots with a straight line 
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The irregular line or cur\e thus produced shows at a 
glance the vanations of atmosphenc pressure. 



DAYS OF THE MONTH 

Fig gj. — A sheet upon which the nse and full of tempernture during 
o month can he shown 


In the case of the thermometer the degrees are shown at 
the left-hand ends of the horizontal lines of the squared 
paper, and the daj s of the month are showoi at the bottom 
of the vertical lines 


REASONS .fVND RESULTS 

Representation of Quantities by Numbers — Up to the present 
all quantities Inv e been represented by numbers Thus, in one 
lesson, in recording the v olumes of different solids, these quan- 
tities were expressed b> saying how many cubic centimetres or 
cubic inches each solid contained. In another lesson the 
number of times heavier a certain v’olume of a substance was 
than an equal volume of water, that is, the relative density of the 
substance, was similarly expressed by a number, and m tins 
woiy a table such as the followang was obtained 


Wood (Oak), 
Gloss, 
Diamond, 
Zinc, 

Iron, 


Water at 4° C = i 
o 85 or ^5 Copper, 

2 75 or 25 SiUer, - 

3 5 or 3J Lead, 

7 o or 7 Gold, 

7 5 Of 7 i 


- 8 75 or Sf 

- 10 5 or loj 
II 5 or llj 
19 o or 19 
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Other instances ^here qnantities ha\e been e-^pressed by 
numbers jou ^vlll remember for yourselves Nov the question 
anses, Is there no other way m which quantities like these could 
be compared more easily ? There is We can represent them 
by hnes of different lengths 



Water Zinc Iron Copper Silver Lead Gold. 


Fig. 9^ — (From Gordons Practical Science') The lengths of the 
thick upnght lines sho^v the relative densities or speafic gni\nucs of the 
substances named at the bottonu 

Representation of Quantities by Lines of Different Lengths — 
Suppose you want to represent the numbers in the table on p 136, 
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which tells us how manj times hcaticr sc\eril substances arc 
than an equal \olume of waiter, b) using lines of different lengths, 
jou would proceed like this Fi\ upon some con\cnient length 
to represent the stand ird densitj, nanielj that of water Suppose 
you take the lengths of the sides of two adjoining squares on a 
piece of squared paper to represent the density of water, and 
then tliicken the sides of these squares as in fig 94 All jou 
ha\c to do now is to make a mark, at a distance aboae the 
bottom line of the piece of squared paper shown in the diagram, 
equal to the number of sides of squares which arc ncccssarj to 
represent the numbers m the table when the sides of two squares 
equal the number i To make this \erv cas> the numbers 
arranged on this plan arc placed on the left-hand side of the 
piece of squared paper Thick lines arc draw n from the points 
so obtained to the bottom of the paper The rclatnc densities 
of zinc, iron, copper, sibcr, lead, and gold arc shown m the 
diagram You should read off the numbers which the lengths of 
these lines represent and compare them with those in the table 

Graphic Representation — A plan such as that desenbed m 
the last paragraph is a simple case of what is known as graphic 
representation This waj of representing quantities which we 
wish to compare is often verj much simpler than only using 
numbers We arc able to sec the relation which the numbers 
bear to one another at a glance Graphic representation is 
always employed to record the readings of the barometer and 
thermometer 

Daily Weather Records — Most sharp bo>s and giils have 
noticed, cither when at the sca-sidc or m some public park or 
other, that there is often a collection of instruments of different 
kinds for observing facts about the weather Among these 
instruments there is alwavs a barometer and a thermometer 
It IS verj important to know what the weight of the atmosphere, 
or, as we have learnt to call it, the pressure of the atmosphere, 
has been every day and throughout each daj , and also what 
the temperature has been, that is, how cold or how w arm the 
air has been It is becoming more and more common in all 
sorts of places to make arrangements for observing these facts 
ev cr> dav , and also for hav ing a careful account kept of them 
The records can be kept m vanous ways 
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How Records of Pressure and Temperature can be kept — 
The first plan for keeping a record of these pressures and 
temperatures nhich nould occur to anybody nould probabl} be 
to make some sort of diar)’, and to mate domi each day, saj at 
nine o’clock m the morning and six o’clock in the eienmg 
Pressure so many inches on the barometer , Temperature 
so many degrees on the thermometer Thus 

October 26th, 1898 

Pressdee. Temperature. 

9am.- - inches 9 a-m ° C ° F 

6pm - inches 6pm ° C ° F 

But at the end of a week or month, when }ou washed to 
compare the readings of the diffe- 
rent days. It would take too much 
time and thought to make such a 
companson. Though at the time 
of obsen-ation the pressure and 
temperature may be wntten down 
in the diary form, it is best to 
arrange the readmgs in a different 
manner when the> hai e to be 
compared The plan adopted will 
now" be e-xplamed. 

Graphic Plan of showing Tem- 
peratures — ^You know that the mer- 
cur}" in a thermometer expands wnth 
heat and contracts wnth cold. The 
number against which the top of 
the mercuiy" in a thermometer 
stands depends, therefore, upon 
the condition of the weather as 
regards wnrmth or cold. The 
se\en illustrations of a thermo- 
meter in Fig 95 show the tem- 

, j X j t- . Q5* — To show the podtion 

perature indicated, a certain of the mercury m a certain thenno- 

thermometer at 8 a.m. on the 

first seien dajs of a certain month A. dotted Ime has been 
drawn from the point at which the top of the mercury 
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stood on eacli'day to that which it occupied the next day, 
so that }0u can see at once ■whether there was i fall or a 

rise of temperature from one day 
to another The line is, in fact, 
a graphic representation of the 
changes of temperature from day 
to day 

Now, It IS easy to understand 
that if >ou wish to represent 
temperatures by a line it is 
not necessary to draw a thermo- 
meter for each day You can 
take a sheet of paper similar 
to that shown m Fig 96, and 
mark at the side numbers like 
those upon the thermometer, 
while along the bottom the days 
of the week or month can be 
put The thick vertical lines 
in this diagram maj thus be imagined to represent the 
mercury in the thermometer on the same days as before, 
and the line joining the tops is, 
therefore, just like that showm in 
Fig 95 

But it IS not necessar) even 
to draw' the thick uptight lines 
A simpler plan is to put a dot 
at the point where the top of 
the mercury stands day by day, 
and then the dots can after- 
wards be connected, as showai 
in Fig 97 We thus obtain 
a wa\ y line showing the nsc 
and fall of temperature, and a 
line of this kind is called a tem- 
perature curve. 

Graphic Plan of showing Rise 
or Fall of the Barometer — The 
plan by which the readings of a thermometer can be shown 
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Fitj 97 — The zip zag line repre 
ficnts the nec and fall of tem^ra 
turc dunnp dai** It 

called a temperature curve. 
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Fig 96. — The upn^ht Imes re 
present the mercu^ in a thermo* 
meter on sev-en dlfTercnt da^'s- 
Kotice the brol.cn hne connecting 
the topi of the mercury columns. 




GRAPHIC REPRESENTATION 141 

graphically is also used to exhibit the readings of a barometer, 
and it is adopted m many newspapers The thick upright lines 
in Fig 98 represent the mercury near the top of a barometer, as 
shown by the Daily News The numbers 29 and 30 at the side 
of these lines mean 
inches, and the dm- 
sions between the num- 
bers are tenths of 
inches The height 
of the mercurj' upon 
the dates marked upon 
the chart can thus be 
seen at once. The 
dotted lines indicate 
the highest and lowest 
readings of the bard- 
meter obsen'ed upon 
each of the days re- 
ferred to 

Now look at Fig 99, 
which show's the Daily Chronicle charts for the same days as 
the Daily News There are no thick upnght lines m the Daily 
Chronicles charts, but the position of the top of the mercurj' is 

showm by a thick Ime 
running across the 
chart This line show s 
very clearly how the 
mercuT)' rose and fell 
on the four days in- 
cluded m the charts 
The barometei is ob- 
served at the Daily 
Chronicle office four 
times a day instead of 
once a day, so the 
diagram differs a little 
from that of the Daily 
News. The ihin line 
shows how' the femperalnrc vaned on the same dajs, the 



Fic 9q — The Dnth Ckromcle n-eather chart Tor 
the same days as in Fig 98. The thick wa^'y line 
represents hon the top of the mercury in a baro- 
meter tamed in height dunng four successive day-s. 



Fic. 98 — The Daily Newt u eather chart. Iho 
thick upnght lines represent the top part of the 
mercury m a barometer 
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numbers which refer to temperatures being pnnted at the 
nght side of the chart 

To BE Remembered 

It IS sometimes more useful to represent quantities by the length of 
lines than bj numbers. 

Comparison is made easier by this means 

This and similar methods are knoivn as graphic representation 

Graphic representation is i erj con\ enient for recording readings of 
the barometer and thermometer 

Exercise XXYIV 

1 Can quantities be represented in any other way than by numbers ? 

2 Give a descnption of how to represent relative densities or \olumes 
graphicallj 

3 YTiat do you understand by a temperature eun e ? 

4. Ho V IS squared paper used to record temperatures and pressures ? 

5 Make a sketch of a temperature curve, marking the diiisions 
necessar) to understand it 


LESSON XXXV 

GRAPHIC REPRESENTATION— Continued 
PRACTICAL WORK. 

Things required — Squared paper, or chequer drawing book 
such as IS used for Kindergarten drawnng Ruler and pencil 
What to do 

Using squared paper, practise representing graphically 
by making diagrams for the following cases 

I The number of 3rd class passengers by a certain popular 
train throughout a w eek 


Monday, 

Passengers. 


Passengers- 

- 250 

Thursday, - 

- 220 

Tuesday, 

- 215 

Friday, 

- 185 

Wednesday, 

- 190 

Saturday, - 

- 235 
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2 The number of visitors to an evhibition throughout a 
fortnight Suppose the returns to be as follows 




No ofVTsitors. 



No of Visitors. 

May 

2, - 

- 10,500 

May 

9 , - 

- 9,650 


3 , - 

- 10,100 

3> 

10, - 

- 9,70b 

5J 

4 , - 

- 9.850 

33 

ti, - 

- 8,340 

5) 

5 , - 

- 10,200 

33 

12, - 

- 9,870 

)> 

6, - 

- 9,900 

33 

13, - 

- 6,520 

» 

7 , - 

- 12,500 

33 

14, - 

- 9,970 


In this exercise mark the days of the month at the bottom of 
the vertical lines Let the bottom horizontal line represent 
6000, the tenth honzontal line 7000, and so on up to 11,000 


3 The amounts of the collection in pence at a church on 
every Sunday throughout a quarter 




jC 

s. 

D 



£ s 

D 

1st Sunday, 

6 

7 

5 

7th Sunday, 

6 2 

11 

2nd 

S3 

7 

10 

3 

8th 

33 

5 18 

I 

3rd 

33 

5 

5 

9 

9th 

33 

7 17 

0 

4th 

33 

6 

13 

7 

loth 

33 

8 I 

0 

5th 

33 

7 

5 

4 

iith 

33 

9 2 

3 

6th 

35 

8 

9 

2 

12th 

33 

13 I 

8 

All the 

amounts 

should be reduced to 

pence 

before 

com- 


mencmg this exercise. 


REASONS AND RESULTS 

Cases in which Graphic Representation is usefuL — Graphic 
representation can be usefully employed in ver>' many other 
cases besides those named in the last lesson In fact, it is the 
most satisfactor)-^ way of representing any two quantities which 
vary' together A graphic diagram can thus be constructed 
from the record of a cncketer^s scores dunng a season’s batting 
Let us suppose that some particular batsman plays his first 
match on Saturday, May 13th, and that he is fortunate enough 
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to get an jnnmgs e\er)' Saturday until the end of August, and 
thajt he makes the follomng scores 





Score. 



Score. 

May 


- 

- 10 

July 

h - 

- 16 

JJ 

20, 

- 

■ 15 


8, - 

- 5 


27, 


“ 5 

)) 

i 5 i - 

- II 

June 

3 i 


■ “3 

5 J 


- 30 


10, 


0 

55 

29, - 

0 


17, 

- 

- 2 

August 

s. - 

- 17 

5 ) 

24, 

- 

- 9 

55 

12, - 

- 5 





55 

19, - 

- 19 




1 

55 

26, - 

- 4 


He could make a graphic representation of his scores as in 
the illustration, in which the marks at the left-hand ends of 
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Fig ioo. — A graphic diagram of a cricketer >1 score on different dates. 


the horizontal lines represent scores, and those at the bottom 
of the vertical lines stand for the dates of innings 

Other Graphic Diagrams — It is often verj' convenient and 
instructne to construct diagrams sinular to those already ex- 
pLained, to show at a glance how prices hai e I'aned from time 
to time. The diagram here showai, for instance (Fig loi), re- 
presents clearh how the pnee of india-rubber bas altered from 
>car to year since 1877 The lears are numbered at the top 
of the diagram In the lertical column for cieia^ }ear is a dot 
to show the pnee of india rubber per pound in that \ ear The 
pnees are pnnted at the left hand ends of the honzontal lines 
Beginning wath 1S77 it wall be seen that the pnee per pound 



GRAPHIC REPRESENTATION 


145 


^\'as then between 2/1 and 2/3. In 1878 the pnce was i/ii per 
pound, m 1879 between 2/7 and 2/9, and so on for other years 
The diagram shows at once that mdia-rubber was cheapest m 
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Fio lot — To show how the pnce of mdia nibber per Ih rose and fell 
between 1877 and 1898 (F rom the Kfo Bulletin ) 


1878, for the pnce per pound was then at the lowest point 
The highest pnce was obtained in 1883 and 1898 Diagrams 
of this land can be used to represent graphically the nse and 
fall m pnce of anything A nse of the Ime shows a nse m 
pnce, and a fall shows a fall in pnce. 

Solubility Curves — An mterestmg and important application 
of graphic representation is to show easily hou the solubility of 
a solid in a liquid vanes unth the temperature Thus, Fig 102 
shous the number of grams of the three solids, nitre, common 
salt, and chlorate of potash, which will dissolve m 100 grams 
of water at different temperatures The degrees on a Centigrade 
thermometer are marked along the bottom honzontal line, and 
the length of the side of one square represents fire degrees 
The number of grams of solid which the 100 grams of vater 
contain is read off from the scale on the left-hand of the 
diagram The length of the side of one square represents 
five grams of dissolved solid Thus, a reference to Fig 102 
shows that 100 grams of water dissolve at 0° C 12^ grams 
of nitre. 

K 
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At 5° C loo grams of water dissolve 15 grams of nitre. 


10“ c 

5J 

33 

20 

33 

Cn 

0 

0 

51 

33 

35 

33 

20” C 

3) 

3) 

32 

33 

25° C 

33 

3) 

37i 

33 

30° C 

35 

33 

45 

33 

35° C 

33 

33 

55 

33 

40° C 

33 

33 

64 

33 

45° C 

33 

33 

75 

33 

50° C 

33 

33 

87^ 

33 

55° C 

33 

33 

100 

33 


We could read off the amounts of common salt and chlorate 
of potash dissolved m too grams of water at different tem- 
peratures m just the same manner 



Fig 102 — The number of grams of nitre common salt, and chlorate 
of potash which can be dissohed in loo grams of umter at any tempera 
ture from o® to loo C is shoivn in this diagram. 


But when w’e hai e several solubility curves together in this 
w'ay, we can very easily compare the solubility of the different 
solids together We see, for instance, that the amount of nitre 
which wall dissolve in 100 grams of water increases verv' rapidly 
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as the temperature nses, as the steepness of this particular 
curve shows The amount of common salt which loo grams 
of water will dissolve increases very little as the temperature 
nses The curve is almost a horizontal line, for while at 
o° C about 36 grams are dissolved by 100 grams of water, at 
100° C the amount in solution is only 38 grams 

To BE Remembered 

Graphic representation is very convenient wherever we have tivo 
sets of quantities varying together 

Solnhility curves show the amounts of solids which will dissolve in 
hquids at different temperatures 

Evercise XXXV 

1 How could a cncketer represent his scores for a whole season 
graphically ? 

2 Explain how graphic representation is useful in recording regular 
vanations m the price of any article 

3 What is a solubility curve ? Draw the solubility curve for nitre 
and common salt 

4 A boy counted his marbles every night for ten days, and found 


he possessed the following numbers 



Days. 

Marbles. 

Days. 

Marbles 

I 

50 

6 

36 

2 

65 

7 

24 

3 

78 

8 

43 

4 

49 

9 

59 

5 

^ _ 

43 

. . .. . . 1 n 

10 

71 


Try to represent these numbers on a piece of squared paper 


5 Represent by a diagram the foUouang number of horse chestnuts 
which a boy possessed during the first fortnight of October 


Dite 


Chestnuts. 

Dale. 

Chestnuts 

Oct 

I 

7 

Oct 

8 

142 

>) 

2 

25 


9 

127 

j j 

3 

40 

99 

10 

109 

i9 

4 

76 

99 

II 

97 

99 

5 

130 

99 

12 

54 

99 

6 

151 

99 

13 

19 

99 

7 

197 

99 

14 

4 
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Air, around us, 71 75 , has mass, 
74 , exerts pressure, 77 , presses 
m all directions, 77 , dissolved in 
water, 109 
Amorphous, 17, 18 
Archimedes, principle of 64 68 
Area, measurement of, 24. 

Balance, 44 , principle of, 42 45 , 
used for compianng masses, 45. 
Balloon, 67 

Barometer, 79-83, definition of, 81, 
air pressure shown by, 8r , when 
height of mercury in alters, 84 , 
another form of, 84, 

Bellows, 78 

Boiling point of water, lor 
Bnttle, 14. 

Buoyancy, 66 

Camphor 104, 

Cane, 17 

Carbon bisulphide, 104. 

Centigrade thermometers, 100 
Centimetre, 22. 

Chemical change, 113, iig 
Combustible, 17, 19. 

Crystalline, 17 18 
Crjstallisauon of soda 130 
Crj-stals, 18, 123, and crystallisa 
tion 124 , how made, 126 , of 
alum, 126 , of common salt, 130 , 
of sulphur, 131 


Cube, 125 

Cubic measurements, 28, 30 32. 

DecanUng, 108 
Decimetre, 21 
Decrepitabon 130 
Dekametre, 22 
Deliquescent 126 

Density, 46-49 , meaning of, 47 , 
high and low, 48 , ^tandard of, 
49 , how measured, 51 expien 
mental determination of, 52, of 
solids, 69 
Density bottle, 53. 

Diamond, 9. 

Dissolve, 17, i8 

Efflorescent, 126. 

Ehistic, 15 
Elasticity 15, 

Emery, 9 

E\aporation, 110-114, a pracbcal 
opplicaUon ofi 113 
Expansion, 95 

Fahrenheit thermometers, loo. 
Feeling, a 
Filter, 18 
Filtenng, 105 

Fixed points, 98-102 , on a thermo- 
meter, 99 
Flexible, 15. 

Foot, 21 
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Gases, 12, dissolved in liquids, 109 
Glass, 14. 

Graduation of thermometers, 98 102. 
Gram, 39 

Graphic representaUon, 133-147 

Hardness, 7, 8 , table of, 8 
Heanng, 3 

Height of barometer, 81. 

Hektometre, 22. 

Impervious, 17 
Inch, 21 

IncombusUble, 17, 19 
India rubber, 15. 

Insoluble, 17, 18, and soluble sohds, 
102 105 , liqmds, 108 

Kilogram, 39 
Kilometre, 22. 

Lactometer, 62. 

Lead, 14 

Length, measurement of, 20 
Liquids, II 
Litre, 31 

Loss of waght, of things in water, 

66 . 

Malleable, 14. 

Mass and waght, 33-37 , measure 
ment of, 37 41 , what mass is 34, 
mass IS not weight, 35, mctnc 
measurement of, 40 
Matter, 6 

Mercury, a comenient liquid for 
barometers, 85. 

Metre, 21 , square, 26 
Metnc, 22, 26 , masses, how to re- 
member, 40 
Milhmetre, 22 

Octahedron, 125 
Opaque, 14. 


Physical change, 112 
Pint, 31 
Pliable, 15. 

Porous, 16, 17 

Pound, impenal standard pound 
avoirdujxns, 39 

Pressure of air, how measured, 80 , 
at difierent altitudes, 86 

Residue, 112 
Rock crystal, i.25 

Salt, 18 

Saturated solution, 114-116 
Science, how studied, i 
Seeing, 2. 

See saw, 43 
Senses, 1-5 , five, 4. 

Sine, change of, 90 
Smelling, 3 

Soda crystals, 128, 129 
Soda-water, 109 
Solids, II 

Solubihty curves, 145, 

Solubility of things in aads, 116-119 
Soluble, 17, 19, and insoluble solids, 
102 105 

SoluUon, 104 , of liqmds, 108 , 
another kind of, 118 
Solvent, water as a, 115. 

Sponge, 17 
Spnng balance, 35. 

Square measure, 26 
State, change of, 91 
Substances, 6 , soluble, 104 , in- 
soluble, 104 , in suspension, 105. 
Sucker, 78 
Sugar, 18 

Tasung, 3, 

Temperature, change of, 91 
Thermometer, 92, 93 97 , marks on, 
96 
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Things, 6, many lands of, 7, differ, 
7 

Transparent, 14. 

U-tube, 55, 80 
Varnish, 104. 

Volume, measurement of, 29, metnc 
measure of, 30. 

Volume, of water displaced, 57 , of 
an irregular solid, 58 


Washing soda, 128 
Water, displaced by solids which 
float, 6r , as a solvent, 115 , of 
crystalUsation, 126 
Water dust, 90 
Weather glass 82. 

Weather records, 138 
Weight, 36, avoirdupois, 39 
Weight of air, why not felt, 78 

Yard, 21 
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R L GREGORY, F R.A.S , AND A. T. SIMMONS, B Sc 

EXERCISES IN PRACTICAL PHYSICS Adapted to First 
and Second Year’s Work of Schools of Science. In two 
vols. Globe 8vo 2s each. 

EDUCATIONAL NEWS.— ' This book Is neither of too advanced a typo for the 
soholars In a higher grade school nor too elementary for students beginning their 
course in a Technical Institute or Colley The experiments are sufficiently 
detailed, and suffldontly lllnstrated by diagrams to allow of correct working 
Its bulk Is not needlessly Increased by theoretical eiplanatlonB , It professes to 
bo not a sdentlfio treatlso, but a praoUdal text-book, and as such wo can recom 
mend It. The diagrams are good, we would partloularly call our readers’ 
attention to those on the use of the vernier " 

EDUCATIONAL TIMES— "TTia opening words of this volume— ‘Ton are 
provided with a foot-rule ' — are typical of Its thoroughly practical character " 

A MANUAL OF ELEMENTARY SCIENCE A Course of 
Work m Physics, Chemistry, and Astronomy for Fung’s 
Scholarship Candidates (Sections I. and IL). Globe 8va 
3s 6d. 

INTRODUCTORY PHYSICS FOR IRISH INTERMEDIATE 
SCHOOLS Being a Fhrst Year’s Course of Exercises in 
Practical Phyica. 2s. 

EXPERIMENTAL SCIENCE— PHYSIOGRAPHY (Seo- 

TioH I ) An Elementary Course of Physics and Chemistry 
Adapted to the Syllabus of the Science and Art Depart- 
ment. Globe 8vo 2s 6d. 


ELEMENTARY PHYSICS AND CHEMISTRY. In Three 
Stages. Adapted to the Syllabuses of (1) Alternative 
Class Subject — Course H , (2) Specific Subject XIII , 
(3) Practical Science in Evening Continuation Schools 
Globe 8va Is. 6d each 


STAGE L 

OUAEDIAN — “The educational value of thla first course, If the experiments 
are really performed, thought out, and written about, as herein indloa&d. Is dis- 
tinctly great— far greater. In fact, than Paul Berts book. The book 

extenfilvo use in Bohools it is a good Btepplng-stono to highor 


STAGES n. Ain> in. 

*'Thcso books are well worth the attoiitlon of those who 
are Intereated in the teaching of the elemente of science in our elementary 
BOQools^ They are UBcful because they contain a large amount of instruction 
rospooting many of tiio chemical and physical changes which almost daily come 
under our notice. They are educational because the course of instruction is so 
arranged as to cultivate the powers of observation and reasoning * 
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WOEKS BY EIOHAED A. GREGORY, ERAS 

AIT EXERCISE book: OF ELEMENTARY PRACTICAL 
:^HYSICS Fcap 4to 2s 6d. 

EDUCATIONAL Will bo found extremely useful to students In 

organised aolonco schools under the DqxiTtniont of Solenco and Art, In evening 
continuation schools, and In the highest standards In elementary schools. 

So far as wo have t^tod them, the exercises seem woU select^ and carefully 
graduate 

EDUCATIONAL TIMES — “Mr Gregory Is no more InteUlwnt dispenser of 
other men s prescriptions, Hla book Is essentially original. Ho has one of the 
most valuable qualities In a teacher — a ready invention.'^ 

THE PLANET EARTH. Globe 8vo 2s 


WORKS BY A. T SIMMONS, B So 

PHYSIOGRAPHY FOR BEGINNERS Globe 8vo 28 6d 

EDUCATIONAL NEWS , — “This la really an excellent toxt-booV on the 
gubjeot The value of the work as a praotloal text^book on the subject 

cannot bo overesthnated. ' 

EOTAL COLLEQE 01 SCIENCE MAGAZINE fiimmona' book ehould 
have a large olraulation, and we recommend It both to those who will use it as a 
text book, or os ground work for lectures and demonstrations. 

PHYSIOGRAPHY FOR ADVANCED STUDENTS Globe 
8vo 4s 6d 

EDUCATIONAL NEWS — “No better book on the subject has hitherto como 
under our notice, and we recommend It with full conddence.’ 

EDUCATIONAL REVIEW — “The exposition is lucid, the matter full, accurate, 
and up-tOKlate, It is altogether an excellent texbbook.’ 


BY A T SIMMONS, B So, AND L M JONES, B Sc 

ELEMENTARY GENERAL SCIENCE Globe 8vo 3a. 6d. 

NATURE.—" It oontalns on admirable course of practical work covering oH the 
principles of mechanics, physios, and chemistry Included in the now subject lor 
the lomdon Matriculation. The volume oontalns an Instructive course of 

work which will be of real assistance to both teachers and pupils In schools where 
elementary science Is taught. 

ACADEMY — “ Wo have given the little work a very careful examination, and 
are oonvlnood that no better Introduction to physics and chemistry is at present 
availahle.” 


BY A T SIMMONS, B So , AND E STENHOUSE, B Sc 

SCIENCE OF CO MM ON LIFE (being a new edition of 
“ Expenmen tal Hygiene”) An Introductory Course of 

Work in the Pnnciples of Domestic Science. Globe 8vo 
28. 6d 

A work in elemental sclonoo designed for girl students. Its object is to 
explain the broad principles of physical and chemical soience, and to lUustmto 
them hy application to the ordinary facts of household life Thus the student 
launs something of the composition of the air and the principles of ventilation, 
the composition of water and Its properties, with their nrariHreil nff/wt. tvio 


, I properties, with their praotloal effecU , the 
chief constituents of or^ary food, and the chemistry of cooking with Lome 
Sa^msf^ t"® human frame. Experiments are fully Illustrated hy 
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